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FOREWORD 



This report is one of a series produced by the National Center for Improving Science 
Education. The Center's mission is to promote changes in state and local policies and 
practices in the science curriculum, in science teaching, and in the assessment of student 
learning in science. To fulfill its mission, the Center develops practical resources for 
policymakers and practitioners by synthesizing and translating the findings, 
recommendations, and perspectives found in recent and forthcoming studies and reports. 
By bridging the gaps between research, practice, and policy, the Center's work is 
intended to promote cooperation and collaboration among organizations, iastitutions, 
and individuals who are committed to improving science education. 

The synthesis on curriculum and instruction herein was derived with the help of the 
study panel, whose members are listed in the front of this report. We gratefully 
acknowledge the help provided by thj many who have supplied materials, offered 
recommendations, and made suggestions for this report. Although the list is too long to 
acknowledge each contribution individually, we are indebted to Sharon Smit for her 
early work preparing materials for study panel members, and to Deborah Hannigan for 
her review and .synthesis of the study panel reports. We acknowledge the work of 
Barbara Brandt, who pulled the numerous pieces of this report together, Yvonne Wi.se, 
who improved the report by pointing out errors and inconsistencies, and Robc.t Warren, 
who edited the report and drafted the executive summary. Wc gratefully appreciate 
Frances Lawrenz of the University of Minnesota, who acted as an outside cvaluator of 
the report, for her critical comments. Special acknowledgements are also due to the 
support center's monitors at the U.^. Department of Education: John Taylor and Wanda 
Chambers. 

Two other panels have produced companion reports on asse^.^ment and on teachers and 
teaching. A summary report integrating all three documents will be prepared and will 
be available from the Center. This integrative report will be supplemented by 
implementation guides for state and district policymnkers and practitioners and by 
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guidelines especially tailored for additional audiences, including teachers, principals, 
school boards, parents, and teacher educators. 



The Center a partnership between The NETWORK, Inc., of Andover, Massachusetts, 
and the Biological Sciences Curriculum Study (BSCS) of Colorado Springs, Colorado, is 
funded b) the U.S. Department of Education's Office of Educational Research and 
Improvement. Members of the Center's Advisory Board are listed in the front of this 
report. For copies of this report, or further information on the Center's work, please 
contact Senta Raizen, Director, National Center for Improving Science Education, 1920 
L Street, Suite 202, Washington, D.C. 20036, or Susan Loucks-Horsley, Associate 
Director, National Center for Improving Science Education, The NETWORK, Inc., 290 
South Main Street, Andovcr, Massachusetts 01810. 
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PREF^ACF. 



Reports on contemporary' education have proclaimed ihc need for change. ha\e 
presented the purposes of education, and have provided ihc juslificadons kn icloim. 
For the most part, recommendalions from these reports are general slalemenis that the 
public and educators alike support. Often study panels, college professois and 
educational consultants have identified problems and made recommendalions with the 
expectation that the education community would quickly and casil> recognize the need 
to change, and subsequently, begin to change. The expectation is logical and uoikable, 
but unfortunately, the gap is too large between statements of neu pu'p(^ses and changes 
in school programs and teaching practices. Vhcvc is need foi an intei mediate step that 
can be thought of as a series of policies, or general plans that will help direu decisions 
and actions. These policies are more specific than broadly stated purposes. 

This report is a policy statement for science curriculum and instruction in cIcmcntaiA 
schools. Because this report's focus is cmi science education in elementarv seluH)ls. it is 
more concrete than other national reports. It would be inappropriate, howexcr. to no 
from this report directly to schools and classrooms. Just as the study panel that 
prepared the report went through a process of reviewing the data and tian>lating the 
data into a policy statement, so too must those who use the repent ccmsidei the unique 
aspects of school distiicts, teachers, and students. 

The study panel's directive was to concentrate on curriculum and instiuction. I he panel, 
however, is fully aware of Garrett Ilardin\s admonition for human eeologx-ro// aui'i do 
only one thing. In the context of this report, educatc^rs must not only change the 
curriculum and their instruction, they must also consider assessment, matenals. laeihties, 
equipment, teacher education, and staff development, -to mention onl) a lew issues. 

The study panel has done its best to bring educational relorm m science niogiams loi 
elementary schools one step closer to reality. But, the linal translation is peihaps the 
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most difficiill-actually changing cxiant progran's and practices. Difficult as thi> is, the 
final step is making reform a reality. 

Study Panel on Curriculurii and Instruction 
National Center fo" Improving Science Educatio' 




EXECUTIVE SUMMARY 



Science proposes explanations for that which is observable, whereas technology proposes 
solutions for problems of human adaptation to the environment. These arc the 
distinctions the panelists make between science and technology, a distinction that 
elementary school students need not explicitly understand, but rather a distinction that 
they should tacitly understand. Once the children begin to perceive these differe 
they are well on their way to taking control of their lives and functioning productively in 
a scientific and technologic society. It is to this end that the panelists have designed two 
frameworks, one for curriculum, and one for instruction. How these two frameworks 
should be used, where they should be used, and why they should be used are the 
subjects of this report. 

Technology is one of the more unique features of the panel's curriculum and 
instructional frameworks. Existing programs seldom present technology as a topic 
worthy of study itself, and, when it is presented, it is usually defined as the application of 
scientific knowledge, which is less than correct. Technology is more than an applied 
science, and it is more than a method. Indeed, technology is a process whose endpoint 
is the solution to a problem. This solution can take many forms, because inevitably 
there are many objectives, requirements, comirainis-variables. These variables drive our 
modern technologic society, yet they are never presented within elementary school 
curricula. The panel redresses this omission in its curriculum and instructional 
frameworks. 

Science, like technology, is often misrepresented. Many existing curricula present 
science as a body of knowledge, and only secondarily do these programs present science 
as a process for establishing new knowledge, rundamentaily, science is a method by 
which we construct rational explanations for events in the natural world that, at first, 
might seem incomprehensible, but through study and research become predictable, even 
manipulable. These explanations are always tentative, they continue to evolve, and it is 
this understanding of science that the panel's curriculum and instructional framework.^ 
attempt to convey. 

V 
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Of course, onc-iinc definitions do not sufficiently explain the relationships between 
science and technology. Although science and technology are differing enterprises, they 
are inextricably oound, one to the other, and they, in turn, are inextricably bound to 
modern society. It is incumbent upon the citizen to make informed decisions and to 
realize that for every- technologic application there are trade-offs, and that along with 
scientific understanding comes responsibility. One purpose of the panel's curriculum and 
instructional frameworks is to lay the foundation for a technologically and scientifically 
informed citizenry. 

Developing these basic attitudes toward and understandings of science and technology 
will not be easy, and these goals can only be accomplished through the realization of yet 
other goals. The students must develop a basic vocabulary' and knowledge, without 
having their natural curiosity stifled by "rote learning." They must broaden their 
investigative and problem-solving skills and learn how to make informed decisions. 
Finally, they must develop an understanding of the limit^> and possibilities of science and 
technology. 

The curriculum framework presented in this report is straightforward. The curriculum 
should consist of hands-on activities, each of which should relate to the students' world. 
Further, the ^tudents should develop their scientific and technologic concepts and skills 
wilhin a personal and social context. Rather than skimming a great many concepts, the 
students will be able to studv a few concepts in great depth. The panel recommends a 
constructivist approach, which means the students should be able to construct their 
concepts and skills through a variety of experiences. Finall}, the curriculum framework 
gives opportunities and a context for the stuoents to hone their reading, writing, 
speaking, and mathematical skills. 

Tlie foundation of a curriculum frame^^ork should be its organizing concepts. Five 
criteria consiitule the "filter"fur this curricu!uin\s organizing concepts. The c ncepts 
must not oniv appi) to science and technology, but they must have applications beyond 
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science and technology. They must accommodate different developmental levels and 
apply to each child's personal life. Most important, the organizing concepts must 
provide powerful explanations. 

The panel identified nine major concepts which they belic\c i>hould be the core of an 
elementary science program: 

• Organization (or orderliness) 

• Cause and effect 

• Systems 

• Scale 
Models 

• Change 

• Structure or function 

Discontinuous and continuous properties (variations) 
Diversity 

\ttitudes are also a keystone of the curriculum framework. The students should be 
skeptical, yet desire knowledge. They should accept ambiguity, and subsequently be 
willing to modify their explanations. Honesty, a reliance on data, and respect for reason 
arc also important, as is working cooperatively with others. 

When designing the instructional framework, the panelists made several assumptions that 
directly affect how teachers should teac.i science in the classroom. Some educators 
assume that a student's learning develops from the sequential acquisition of skills and 
bits of information. In practice, these educators attempt lo teach science by transmitting 
definitions, terminology, and facts to students who passively receive this information. 
This approach has clearly failed to provide American students with an adequate 
background in science-a bac' .ground rhat they can apply in a variety of non-school 
settings. Therefore, the panelists have incorporated a constructivist approach into the 
framework Constructivism assumes that students activel) learn through hands-on 
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experiences; constructivism also postuiates that the students ar-^ constantly construclipg 
their world view. 

Because cf its constructivist approach, the instructional framework has linkages to three 
related idca.^: prior knowledge, student learning styles, and concentration of teaching on 
depih and unJcrstanding, rather than on breadth of coverage and knowledge of 
vocabulary. ^>.cse linkages affect the teacher's role in many ways. A student develops a 
meaningfpl understanding of a concept only v/hen it is presented in a familiar context. 
That is why il is important for a teacner to determine what a student's prior knowledge 
is, and then .lelp the student to link the new concept to the prior knowledge. Just as an 
effect presupposes a cause, how to present a concept in a familiar context presupposes a 
need to address learning styles. No two students have exactly the sar ^ approach to 
leariMiig One student may have a sequential learning style, while another has a global 
approach. Further, a teacher might present information through several modes: tactile, 
visual, or auditory. No matter which learning style a student might prefer, it will take 
time for the student to assimilate a new concept and develop a useful understanding of 
it. This suggests that a student should pursue a theme or topic in depth Therefore, a 
theme or topic might span several weeks or more. Prior knowledge, student learning 
styles, and concentration of teaching on depth and understanding, then, all require the 
teacher to take on a new role--that of facilitator. 

A facilitator does not provide expert knowledge, rather, a facilitator manages the 
students' learning. Facilitators model the qualities they wish to encourage in their 
students by showing curiosity, awe, and enthusiasm. On an altogether different level, 
they are strategists who determine whether to use competitive activities, individual work, 
or cooperative groups. 

Teachers have yet another important role to fill-that of assessor. Through assessment a 
teacher is provided with valuable information on how to increase learning. Assessment 
helps the teacher determine a student's prior knowledge. The assessment data also 
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helps a teacher establish what the students have learned and motivates the students to 
attend to the assigned materials. 

In addition to defining new roles for teachers, the panel's instructional framework 
incorporates a four-stage teaching model. Each stage of the model is characteristic of 
the approach science and technology professionals take when they learn and apply new 
skills. The model begins with the invitation, which is a question about the natural world 
(science) or a problem in human adaptation (technology). The second stage is 
exploration^ in which the stuaents observe, collect data, organize information, and think 
of additional experiments they might try. The third stage is explanation, in which the 
students begin to construct their new view of the concept by integrating their preexisting 
conceptions with the new information. The fourth stage is taking action, in which the 
students demonstrate that they have truly integrated the information with their existing 
network of concepts. 

The panel's instructional framework makes heavy demands upon teachers. How can 
they 

manage all the innovations? The panel recommends three changes in teachers' 
development that should solve this problem. In preservice development, the panel 
recommends that a teacher major in a discipline. A teacher should take coursework in 
one or more sciences, as well as in child learning and development. The middle phase 
of a teacher's development should focus on guidance and feedback in situations that 
gradually change from "ideal," one-child, low constraint to real classroom situations At 
this point the teacher should also attend to developing a repertoire of teaching strategies 
and to integrating theoretical constructions into a real classroom. Finally, the later 
phase of development should concentrate on developing a teacher's scientific knowledge 
and providing the teacher with an environment in which new knowledge is supported 
and renewed. 

In summary, the curriculum and instructional frameworks presented in this report are 
new, innovative, yet based on sound research. They introduce into the classroom science 
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and technology as the two disciplines are practiced in modern society. This new 
approach requires elementary school teachers to fulfill new roles and assume new 
responsibilities. New support structures for teachers must be built, and administrators 
and teachers alike must be willing to put forth extra effort to implement the frameworks. 
Despite the difficulties, the rewards will be great: a scientifically and technologically 
literate citizenry adequately prepared to take its place in the twenty-first century. 
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I. INTRODUCTION 

fhe following is a scenario on a new approach to teaching science. The classroom unit 
on seeds takes place over several weeks. 



A Science Classroom: An Interdisciplinary Approach 



''How do seeds live? Can seeds grow way, way deep in the ocean and make seaweed?' ''How do 
seeds get inside of watermelons?" ''Hey! How do they make watermelons without seeds in them? 
How do seeds grow plants?" These are some of the many questions asked by Ms.. Lopez's second 
graders. 

Today, seeds are the topic. As the students are thinking about the origin of seeds, Ms. Lopez 
writes down their questions on a piece of oak-tag titled: "Questions We Have About Seeds." 
Another chart titled "What We Know About Seeds" contains such statements as "Seeds givw in 
gardens," "You can eat sunflower seeds," and "Carrots don't have seeds" Ms. Lopez refers to these 
charts constantly. She encourages the children to ask questions, and she guides the children as 
they form their concepts and change their beliefs. She uses their questions and comments to decide 
whether the children are ready for a "seed wdL" 

The next morning all the students go to a nearby field and collect seeds. Each student, besides 
carrying a collection bag wears a large wool sock, used for collecting seeds, over one shoe and 
pulled up to the knee. After returning from the walk, each studuit selects one seed to study 
carefully with a hand lens. They observe what the seed looks, feels, and smells like, and guessing 
how it mi^t travel Then each child makes a presentation to the class, which is gathered in a 
meeting circle. By taping the seed specimens onto a chait, the teacher keeps track of the different 
seeds the class discusses. After the students tally how many of each seed they found, they graph 
their results. 

That evening, after the seed walk, Ms. Lopez reflects on the differences in the children \s 
understandings of the structure and function of seeds. She notes which children easily made 
observations and which ones had difficulty, which children made more obvious or more creative 
responses, and which children seemed comfortable or uncomf rtable using the lens for examining 
their seeds. While planning the next day's activities, Ms Lopez comults her notes and places the 
children in groups that will prompt and challenge each student. 

The next day, some groups choose to count the seeds that came back on their socks and then plant 
the seeds in large, self-sealing plastic bags and water; the groups then set the plastic bags and seeds 
near the windows. In the days that follow, the groups will obser\^e the gemination process carefully 
and compare the total number of seeds with the number that sprouted by making "ratio" gi aphs 
and by writing corresponding sentences. Ms. Lopez invites other children to compare sizes of .seeds; 
she asks them to outline the seeds on graph paper and then count the number of gi'aph squares 
that each seed covers. The students discover that there is a great diversity of sizes and shapes in 
different seeds and that the same kind of seed varies in size and shape. 
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Still other groups choose to continue working on their ''seed journals,'' which Ms. Lopez requires aV 
the students to keep. The children either paste in or draw the specimen and then write about three 
seeds of their choice, including observations shared earlier in the meeting circle. Because students 
of this age ha'^e a range of writing capabilities, Ms. Lopez meets with each child and dLscus.ses that 
individuars observations and writing. She uses both the journal entries and group presentations to 
monitor their understanding of diversity, cycles, and other major scientific concepts. 

Ms. Lopez's class spends most of the day working on the concepts of diversity and cycles. She 
incorporates writing, math, and inquiry-based science activities into the program. The children will 
also have to write a story about how a Native American girl uses seeds and plants, compose a 
garden song and complete additional writing and mathematical assignments. 

In successive lessons, Ms. Lopez will call groups together and ask several activity-related questions, 
the answers to which should be based on the students' explorations. As she records the students' 
responses, Ms. Lopez will ask the children to clarify their answers. Eventually, she will introduce 
new vocabulary words and information that will help the students develop scientific concepts. A 
few of the children may be unsure about the new information; they will need more time for 
discussion and additional testing of their ideas before the new infonnation becomes a pan of their 
personal understanding of seeds. For instance, last year when they were taught this unit, .several 
youngsters insisted that the lima bean embiyos they had discovered mside the seeds would givw into 
lima bean plants without the seed halves attached. They were convinced thot the embiyos could 
''eaf the soil and water and grow into adult lima bean plants. Through careful questioning Ms. 
Lopez was able to guide these children to design a lest of their beliefs. She found that these 
children changed their point of view after they conducted the investigation and that they now had 
additional questions. 

After her students have studied seeds for several weeks. My Lopez recognizes that they have learned 
a great deal about diversity, life cycles, structure, and function. The children become adept 
observers; they have learned to ask each other and Ms. Lopez about these developing concepts. 
Ms. Lopez knows they will soon be ready to apply their new knowledge and skills to other science 
areas. With her class, .she will return to the original questions and the children's answers for them. 
She will point out how much they have learned. The children will, as a gi'oup, write and produce 
a booklet on how to plant seeds and care for the .seedlings. Ms. Lopez will keep notes on the 
progress of each child and the cla.ss as a whole. Her notes will then become the source material 
that will enable her to make more formal assessments for report curds, in conferences with parents, 
and-for the cla.ss as a whole-to Mr SandowskL, the third grade teacher 

Is this scenario representative of science taught in today's elementary classroom? At 
first glance, the unit lesson may seem characteristic of a typical classroom lesson. 
Unfortunately, closer inspection of the lesson and careful comparison with data about 
science education in elementary schools reveal that Ms. Lopez's unit on seeds is an 
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uncommon approach to teaching science in elementary schools. The teacher-directed 
activities are "hands on", student oriented. Ms. Lopez carefully orchestrated the class 
activities and sequence of the lessons. 

The lesson began with students' questions about the natural world. The students were 
mentally engaged in the activity; they had a persona! invitation to study science. Ms. 
Lopez recorded the students' questions and current knowledge. She began the lesson 
with the origin of scientific investigation-a question about the natural world. This 
introduction to the lesson allowed Ms. Lc>pez unobtrusively and uncritically to assess the 
students' current knowledge and to capitalize on their interests. From this assessment, 
she helped the students develop a meaningful understanding of a few scientific ideas. 

First there was an invitation to learn, then the students' explorations and discoveries, 
then students' explanations. Throughout the instructional sequence, Ms. Lopez 
monitored the students' development of concepts and skills, assessed their progress, 
and accordingly adjusted her teaching strategies. 

Although the lesson was about seeds, Ms. Lopez used the experiences to introduce 
diversity, variation, and cycles, all three of which are important scientific ideas. She 
taught vocabulary, for example, by relating it to botanical plant names or to seed parts. 
The lesson extended over several days and focused on major concepts, an approa( h 
that encouraged depth of study within a breadth of topics, for example, describing the 
uses of various plants, diseases, and the development of agriculture. Ms. Lopez also 
integrated science with the other basics of elementary education-reading, writing, and 
mathematics. 
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The Current Situation in Science Classrooms 



The following discussion points out the unusual qualities of the lesson Ms. Lopez taught 
and introduces the panel's recommendations, in the context of the classroom described 
in the scenario. How does this example compare with elementary school programs and 
practices? The amount of time allotted to science and the effective integration of 
science with other subjects reveal why Ms. Lopez's teaching is uncommon. Although 
research has shown that children learn most effectively through hands-on science, and 
principals agree with these findings, many teachers do not use this approach. 

The 1985-86 National Survey of Science and Mathematics Education collected data 
from teachers and principals about elementary school science programs (Weiss, 1987). 
Also, available data are from a similar survey .upleted in 1977 (Weiss, 1978). Table 
1 shows the average number of minutes spent in K-3 and 4 through 6 grade science 
instruction in both 1977 and 1985-86 (Weiss, 1987), 

TABLE 1 

AVERAGE NUMBER OF MINUTES PER DAY SPENT 
ON SCIENCE IN ELEMENTARY SCHOOLS 



1977 1985-86 

G rade Range Minutes Minutes 

K-3 19 19 

4 - 6 35 38 



For comparison, teachers were asked to indicate the amount of time spent teaching 
other subjects. In order from greatest to least amount of time, the teachers indicated 
reading, mathematics, social studies, and science. 
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That teachers are satisfied with the textbooks and depend on them presents a 
significant obstacle to reforming elementary school science programs. Table 2 shows 
that teachers use textbooks for instruction in elementary science. 



TABLE 2 



USE OF PUBLISHED TEXTBOOKS IN SCIENCE 



Grade range 



1977 

Percent of Classes 



l98j-86 
Percent of Classes 



K-3 



63 



69 



4-6 



90 



89 



The percentage of teachers who use textbooks has changed little over the nine years 
between the two surveys. Teacheis have also indicated that the quality of their 
textbooks has not been a significant problem. A majority of K-6 teachers indicated that 
the textbooks were clearly written, well organized, and interesting. These programs, the 
teachers said, developed problem-solving skills, clearly explained concepts, and had an 
appropriate reading level (Weiss, 1987). Teaching science as Ms. Lopez does is not 
like the teaching norm, which is oriented to textbooks. The panel is critical of the 
textbook orientation and believes that the most widely used books superficially cover 
too many concepts, concentrate onlj on vocabulary, and underplay hands-on instruction. 

What do teachers emphasize in their objectives and activities? Table 3 lists the 
objectives that receive greatest emphasis in K-6 science. 
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TABLE 3 



OBJECTIVES OF SCIENCE INSTRUCTION 
IN ELEMENTARY SCIENCE 

Objectives Percent of classes with heavy emphasis 



Become aware of the information 

of science in daily life 68 

Learn basic science concepts 67 

Develop inquiry skills 55 

Become interested in science 54 

Develop a systematic approach to 48 
problem solving 

Learn to effectively communicate 45 
ideas in science 

Prepare for further stud> in science 42 



Although these objectives are generally congruent with tho,>e objectives s(aicd in 
textbooks, the actual programs often do not develop them. For example, there is often 
little attempt to develop inquiry skills or to develop a systematic approach to problem 
solving. 

Teachers who participated in the 1985-86 survey were asked to indicate class artivities 
that took place during their most recent science lesson. Table 4 shows the results. 
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TABLE 4 

PERCENTAGE OF K-6 SCIENCE CLASSES PARTICIPATING 
IN VARIOUS ACTIVITIES IN MOST RECENT SCIENCE LESSON 



MMlX Percent 
Discussion 

Lecture 74 

Demonstrations 52 
Students use hands-on manipulative, or 

laboratory materials 5] 

Students complete supplemented worksheets 38 

Students work in small groups 33 

Students do seat work assigned 31 
from textbooks 



Comparing these activities to those in Ms. Lopez's class demonstiates the dilTerences 
between the general orientation presented in this report and current curriculum and 
instruction. One of the more discouraging findings of the 1985-86 survey was that since 
the 1977 survey, hands-on activities have decreased by 10 percent in grades K-3 and by 
nine percent in grades 4 through 6. Lecturing has increa.sed by 1 1 percent in K-3 and 
nine percent in grades 4 through 6. These, trends arr strangely at odds with the 
opinions of teachers and princip ds about hands-on science instruction. Sixty-six percent 
of K-6 teachers and 76 percent of K-6 principals think that laboratory-ba.sed science 
classes are more effective. At the K-6 level, 89 percent of teachers and 92 percent of 
principals strongly disagree with the statement that hands-on science experienfes are not 
worth the time and expense (Wei.ss, 1987). Many of these data are corroborated by 



findings of the National Assessment of Ed cational Progress (NAEP) report Tlvj Science 
Report Card (Mullis and Jenkins, 1988). 

At first the panel was pessimistic about the results of the national survey and NAEP 
report. Then, the panel was puzzled by the discrepancy between what teachers report 
they ought to do and what they actually do. In the end, the panel decided to use the 
disc.epancy as a twofold opportunity to construct a new vision for science in the 
elementary school and to describe concrete recommendations for curriculum and 
instruction. The panelists realize that elementary teachers have many tasks and 
priorities, and that teaching science by using a textbook is efficient; it complements the 
basics of reading and it requires marginal effort on a busy day. Yet it is hoped that 
both the vision and the recommendations v/ill help teachers change their programs and 
practices. 

In the next section of this introduction, a new vision for those who work with science 
p^n^rams in elementary schools is described. This vision begins the process of changing 
elementary science programs and instructional practices. 

Frameworks for Curriculum and Instruction 

The study panel focused on two frameworks, one for curriculum and one for 
instruction. The study panel articulated a goal statement that guided its elaf oration of 
the frameworks. 

Curriculum and instruction should provide children with appropriate 
experience with sciei.ce and technology that enhance their sensibilities about 
the natural and technological world, improve their skills of inquiry and 
problem solving, develop their understanding and appreciation for the limits 
,ind possibilities of science and technology, and contribute to their civility in 
the conduct of human affairs. 



This goal statement focuses on children and their experiences with both science and 
technology. An in-depth explanation of the goals for the proposed frameworks follows 
in the paragraphs below. 

Sensibility is a combination of inteiiectual, perceptual, and emotional responsiveness 
tONVard the natural world and human constructions. Sensibility reflects knowledge and 
values which are educational goals that include traditional skills like manipulation of 
tools and materials, and skills for rational inquiry, problem solving, and critical thinking. 
Children should develop some understanding of what science and technology are and 
are not, and what science and technology can and cannot do. 

The statement about civility expresses two important goals. The first relates to being 
civil in personal interactions; that is, being humane and appreciating differences 
between individuals and their ideas. The seconds concerns the decisions and 
responsibilities of citizenship. The summary statement contains no specific reference to 
school, because children encounter and learn about science and technology in a variety 
of contexts that include not only schools, but museums, nature centers, clubs, churches, 
and families. 

The curriculum framework fundamentally differs from extant programs in three ways. 
First, in the curriculum framework, technology is an important area of study and the 
emphasis on technology balances the emphasis on science. Second, the curriculum 
framework calls for the students to study fewer concepts in greater depth, thereby 
concentrating on several major organizing concepts, rather than on specific scien'.ific or 
technological topics. The panelists realize that focusing on concepts does not 
automatically result in an in-depth study of them, but it is the first step. The design of 
curriculum and instruction must complement the emphasis on depth of study and 
understanding. Third, *he time devoted to science and technology in elementary schools 




is complemented by incorporating reading, writing, and mathematics into the science 
and technology program; and conversely, science and technology are integrated into 
other curricular areas. 

Each instiuctional framework complements the curriculum framework. The basis for 
the instructional framework is scientific inquiry and technological problem solving. 
Additionally, the instructional framework promotes conceptual change and skill 
devel pment in all :»iudents. 

The goal statement indicates that curriculum and instruction for science in the 
elementary years should give students richly rewarding experiences. Clearly, for a 
hands-on, inquiry-based program to succeed, facilities, materials, and equipment are 
required. In addition, time, safety, and management of the science program are critical 
issues addressed within the two frameworks. 

In the following chapter, the science and technology concepts upon which the panel 
constructed its frameworks are described. Following the discussion are chapters on 
goals and rationale, instruction, curriculum, and the educational environment. Each 
chapter has statements that summarize the status of that component in contemporary 
science programs. The status statements are brief because the panel elected to 
concentrate on the frameworks. We boxed and shaded the statements for contrast with 
our discussion of frameworks for elementary school science education. Summary 
statements of the panel's recommendations are provided at the end of each chapter. 
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11. A CONCEPTION OF SCIENCE AND TECHNOLOGY 



Presented in this chapter is a con 'ept of science and technology appropriate to the 
development of curriculum and instruction for elementary schools. Elementary teachers 
often hesitate to teach science, because many lack the knowledge, skills, and 
understanding necessary to feel comfortable in a scientific envirorment. CoLnizant of 
this problem, the panelists decided that the place to begin curriculum development is 
not with topics and specific facts, but with constructing a view of science and technology 
that elementary teachers can easily assimilate. If they assimilate this view of science 
and technology, the teachers can expand their knowledge, improve their skills, and 
develop more effective techniques for teaching science. 

A Distinction between Science and Technology 

The panel began with the assumption that all children should develop an empirical 
understanding of the world In this way they can take control of their lives and 
function productively in modern society. Most children today, however, encounter 
science primarily through its technological manifestations and usually cannot distinguish 
science from technology. The panelists distinguish science from technology as follows: 

Science proposes explanatiofis for observatiofis about the natural world. 
Technology proposes solutions for problem of human adaptation to the 
environment. 

Figure 1 is a schematic showing the interrelationships between science and technology 
and their connections to the goals for the curriculum and instruction frameworks. A.i 
explanation of the connections between science and technology as drawn in Figure 1 
follows. 
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Figure 1 

The Relationships between Science 
and Technology and their Connection 
to Educational Goals 



Science 

(Originates in 
questions about 
the natural world) 



Technology 
(Originates in problems 
of human adaptation in 
the environment) 



Applies Methods 
of Inquiry 



1 



Proposes Explanations 
(for phenomena in the natural 
world) 




Social 
Applications of 
Explanations 
and Solutions 



Personal Actions 
Based on 
Explanations 
and Solutions 



Applies Problem- 
Solving Strategies 



Proposes Solutions 
(to human problems of 
adaptation) 
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A CONCEPT OF SCIENCE: STATUS 

Science is primarily presented as a body of knowledge and only secondarily as a process 
for establishing new knowledge. The organization of topics and presentation of 
science in current programs conveys the idea that science is disciph'nary, cumulative, 
and largely independent of the processes used to develop new scientific knowledge. 
Learning scientific knowledge is the primary goal of science education in the 
elementary school (Weiss, 1978 and 1987; Harms and Yager, 1981; St. John, 1987; 
Mullis and Jenkins, 1988). 



Science originates in questions about the world. Scientific results are derived from a 
recognized, though variable, process of rational inquiry. In Figure 1, the word propose 
suggests that scientific explanations are tentative, which is a fundamental idea in 
science. The word explanations, synonymous with "leaning, serves knowledge. 
Explanations proposed by science relate to observations about the natural world and 
imply that humans have questions about objects and events they observe. "Why is the 
sky blue? Where did the mountains come from? Why do I look like my brother? and 
Why do objects fall? are typical questions children and scientists ask about the world. 
Scientists may phrase questions in a more sophisticated language, but the questions are 
the same. 
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A CONCEPT OF TECHNOLOGY: STATUS 
Technology is seldom presented as a topic of study. There is little or no distinction 
between science and technology in current science programs for schools. When 
technology is introduced, it is usually defined as the application of scientific 
knowledge. In some instances, technology is synonymous with computers (Panel 
review of major programs, June 1988). 



Traditional definitions of technology, such as "applied science," are incomplete.. 
Technology, which is more than an applied science and more than a method, originates 
in problems of human adaptation to the environment and results in proposed solutions 
to those problems. 

Humans need protection and food, and they need to move objects and information 
from one place to another. The means used to satisfy these needs constitutes 
technology in its simplest form. Historical examples of technology as use of tools, 
development of agriculture, and use of weapons, illustrate the panelists' definition 
(Moore, 1984) of problems in human adaptation. There are many possible solutions to 
problems in human adaptation, and inevitably there also are many objectives and 
requirements. Some of these are constraints, such as availability of materials, properties 
of materials, laws of thermodynamics, and societal requirements. Other variables are 
cost and performance criteria (Caplon, 1988). Engineers often complete several designs 
for projects so that they can assess trade-offs among constraints and variables before 
making decisions. Although the methods of scientific inquiry and technologic problem- 
solving have many common elements, the latter are distinguished by a concentration on 
decision-making and risk-benefit analysis. Scientific methods of inquiry, on the other 
hand, focus on explanatory power and like criteria, 
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Science and Technology 



Narrow definitions do not sufficiently explain the relationship between science and 
technology, and although science and technology are different enterprises, modern 
science and technology are inextricably bound to one another. Technology, for 
example, helps formulate basic scientific explanations to the extent that one cannot 
easily separate science from technology. We propose instead a model in which the 
contribution of science to technology and technology to science varies along a 
continuum. Attempts to provide qualitative descriptions of the continuum are likely to 
be futile misrepresentations. 

A CONCEPT OF SCIENCE AND 
TECHNOLOGY: STATUS 

Current programs present very little ^formation about the relationships between sconce 
and technology. Most contemporary science programs for elementary school 
concentrate on science topics such as plants, animals, electricity, and the solar system.. 
Seldom is there a description or experience that identifies the interactions between 
science and technology* Technology is typically defined early in a text series and 
seldom mentioned after that* (Panel review of major programs, June 1988; Pratt el al., 
1981; Piel, 1981.) 



Although it is not important that elementary school students recognize the subtle 
difference between science and technology, children at this level must begin to 
understand the following five principles: 

1) Science is an attempt to construct rational explanations of the natural 
world. 
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2) Scientific explanations about the natural world are always tentative; they 
continue to evolve. 

3) Technologies exist within the context of nature, that is, no technology can 
contravene biological or physical principles. 

4) All technologies have side effects. Furthermore, just as explanations 
about the world are imperfect and incomplete, technological solutions to 
problem^ are incomplete and imperfect. 

5) Because technologies are incomplete and imperfect, all technologies carry 
some risk; correspondingly, the degree to which any society depends on 
technology is also the degree to which the society must bear the burden of 
risk. 

Science and Technology in Society 

Scientific and technological enterprises result in socially useful products. The direct 
outcome of science is an improved understanding of the world, whereas technological 
outcomes are generally more tangible, taking the form of products or services. In 
either case, however, individuals and groups must make decisions and take action in 
response to these outcomes. These actions or decisions move science and technology 
directly into the realm of public policy. 
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SCIENCE/TECHNOLOGY/SOCIETY: STATUS 



The science-technology-society (STS) theme is not prevalent at the elementaiy level. 
Commonly used textbooks contain little information about the personal and social 
contexts of science and technology (Pratt, et al., 1981). Current programs give 
marginal recognition to the nature and history of science (Harms and Yager, 1981). 
Students are aware of pollution, energy, disease, and other issues, and they are 
willing to make changes in their lives to solve those problems, but they do not feel 
that their actions could have an impact on the world's problems (Hueftle, Rakow, 
Welch, 1983). New state guidelines indicate an increasing recognition of the STS 
theme (Powell and Bybee, 198S). 



Scientific and technological outcomes-proposed explanations and solutions-themselves 
raise new questions and problems. The process represented in Figure 1 is, therefore, 
iterative. The iterations can develop new explanations and solutions or amend those 
already developed. These iterations demonstrate how open-ended science and 
technology can be. The preceding discussion included a clarification of the panelists' 
vision of how science and technology should be represented in elementary schools. 
Unsolved is the overwhelming problem of how to contribute the basic knowledge and 
fundamental skills needed for understanding and teaching this conception of science and 
technology. It will not do to leave out technology as an area of study, and it is difficult 
to place this additional burden on teachers without support. The panelists who were 
responsible for designing the curriculum framework and instructional framework 
recognized how difficult it is to change attitudes and assumptions about leaching 
science. The other study panels (teachers and teaching, and assessment) have 
combined their efforts with those of the curriculum and instruction panel, and together 
they have jointly proposed a set of five recommendations (see boxed text). Clearly, all 
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parts of the program are interdependent, with the implementation of the new programs 
contingent on changes in other components of the educational system. It is important 
to view teacher development as something i evolves within the total educational 
system, 

A CONCEPT OF SCIENCE AND TECHNOLOGY 
RECOMMENDATIONS 

1) The program should clearly indicate that science proposes explanations for 
questions about the world, 

2) Msg, the program should clearly indicate that technology proposes solutions for 
problems of human adaptation to the environment. 

3) Scientific methods of inquiry and technologic strategies for problem solving should 
be introduced and developed, 

4) The relationships between answering questions and solving problems, and the 
interactions between proposed explanations and proposed solutions should also be 
introduced, 

5) Finally, school science programs should explore the personal and social utility, 
limits, and consequences of proposed explanations and solutions. 
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III. THE GOALS AND RATIONALE 



The concept of science and technology presented in the last chapter orients the 
curriculum and instruction frameworks. In particular, the orientation Jarifies what we 
mean by science and technology and it identifies parameters that differentiate our 
frameworks from art, music, theology, and other domains of study. 

A Concept of Science Education Goals and Student Objectives 

Education, including education in science and technology, is a social institution. As 
such, education in science and technology shares purposes common to all social 
institutions in a democratic society: providing for the needs and continued development 
of everyone and fulfilling the aspirations of the society. These goals are achieved in 
ways unique to each .social institution. For science and technology education, this 
literally means educating students in the knowledge, skills, and values of science and 
technology. Personal development and fulfillment of social aspirations, both of which 
are educational goals, define and delimit the appropriate knowledge, skills, and values. 
This discussion is elaborated elsewhere in both historical and contemporary context 
(Bybee, 1987). 
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THE GOALS OF SCIENCE EDUCATION: STATUS 

Scientific literacy is (lie goal of science education in elementnty schools. This goal is 
translated into objectives, such '^s learning basic science concepts, becoming aware 
of science in daily life, developing inquiry skills, becoming interested in science, and 
developing problem-solving skills (Weiss, 1988), Other goals include learning safety 
skills, developing effective communication skills, and learning about careers in 
science (Weiss, 1988). Three factors define the goals for elementary school science: 
state guidelines, science textbooks, and publications in science education. 

Rationale statements are usually presented with little philosophical or historical 
orientation. If there is any orientation, it is usually psychological. Educators have 
various definitions of literacy. All are admirable statements but the programs often 
have little relationship to the stated rationale (Panel review of major programs, 
June, 1988). 



Goals aFid Objectives for Science Educatio/i 

The goals set forth in this chapter are for all students, regardless of sex, ethnic origin, 
or economic status. The compelling report All One System (Hodgkinson, 1985) presents 
demographic trends that indicate many school systems will have ''minority majoi..ics" in 
the near future and that many minority populations will become increasingly 
heterogeneous. The next decade of population expansion in America will see a 
significant increase in the cultural diversity of our youth population and an alarming 
increase in the number of children being born into poverty. Compounding this are 
spiraling incre ises in children born to unwed teenagers, children rcUsed in single-parent 



homes, and latch-key conditions in which children will spend an increasing amount of 
time unsupervised and dependent on themselves for motivation and social intcgiation 
(Hodgkinson, 1985), 

In the following statements of goals and objectives, the panel attempted to integrate the 
concept of science and technology as stated in Chapter II with science programs 
designed to include a broad range of students. These goals and objectives are 
congruent with other long-standing goals (Bybee, 1977), and they accommodate 
contemporary trends and issues (Champagne and Hornig, 1986), Each of the following 
five goal statements is followed by a brief discussion. The panel decided also to include 
objectives for the students, which follow each discussion, 

I, 

Education in science and technology should 
develop the student's natural curiosity about 
the world. 

Children are naturally curious about their world: they investigate, they inquire, they 
examine. These behaviors demonstrate a combination of perception, intellect, and 
emotion, Educ-Uion in the early years must sustain these sensibilities. When educators 
ignore the origins of science and technology and leap immediately to the correct 
scientific answer, they often stille a student's curiosity. We recommend a new 
acceptance of students' curiosity as the place to begin their education aboui science and 
technology. The students' objectives for this goal are twofold: 

Students' experience in the elementary years should dewlap their abilities to ask 
questions about the natural world. 

Students' experience in the elementary years should develop their abilities to identify 
problems of human adaptation. 
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Asking qv^estions ai i identifying problems are the initial steps in the dor.iains of science 
and technology. Questions and problems also are related to creativity, critical ihinkin^, 
and reasoning, 

Af*er scientific questions are posed or technological proulems are identified, lliC 
students take the second step, which is to apply methods of inquiry and to employ 
problem-solving strategies. Figure 1 (in Chapter II) indicates a parallel relationsh'p 
between these two pursuits, because many of the processes are similar. Methods of 
inquiry and problem-solving strategies both contribute lo an understanding of science 
and technology and enhance the children's abilities to reason logically, to solve 
problems rationally, and to think critically and creatively. This discussion leads to the 
panel's second goal: 

II. 

Science and technology education should 
broaden: the child's operational and thinking 
skills for investigating the world, solving 
problems, and making decisions. 

This goal includes observations, experimentation, and other processes that science and 
technology hold in common, as well as processes unique to technology such as 
considering cost and risk. Students' objectives are as follows: 

Experiences in the elementary years should enrich the students' understanding 
of, and ability^ to use, the methods of scientific inquiry. 

Experiences in the elementary years should advance the students' 
understanding of and ability to iLse, the strategies of iec!jiologica> problem 
solving. 
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The top of Figure 1 begins with the origin of scientific questions and technological 
problems. The figure then proceeds to chart methods of inquiry and problem-solving 
strategies, which can include observation, classification, experimentation, and risk 
assessment. Scientific explanations for phenomena and technologic solutions for 
problems, regardless of whether the problems are individual or cultural, are derived 
through these processes. Further, these explanations and solutions constitute basic 
scientific and technologic knowledge. 

III. 

Science and technology education should develop the 
student's knowledge base. 

The goals for any science education program should reflect the most important 
contributions of science and technology to humanity. Clearly, one of the most 
important contributions of science is its power "as a way of knowing" (Moore, 1984). In 
that role, it has demystified the natural world and reduced fear and ignorance 
(Bronowski, 1978). Unfortunately, science is most commonly c fined as a collection of 
isolated facts. Furthermore, the adult public perceives an J emphasizes that science is a 
group of isolated facts. But this is nothing more than substituting one set of mysteries 
for another. 

Most scierce education programs introduce technology as the application of scientific 
knowledge. A reviev. of any current elementary school science program supports the 
assertion that there is no /eascnable way that students could come to understand the 
deep and broad importance of technology' in human affairs. Presenting technology "as a 
way of adapting" is an important recommendation made in this -eport. Technolog)' has 
not only alleviated many agricultural, transportation, communication, and defense 
problems, it has created rew problems, such as resource depletion and environmental 
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pollution. Technology has freed us from many dangers and problems, and it has 
improved our quality uf life. Likewise, the students need to recognize new problem^ 
created by technology, such as pressures on the environment caused by population 
growth or the ethical issues raised by modern health care technology. The panel 
concluded that there is clear justification for including technological knowled'^: in 
contemporary science programs. 

The intent of the proposed program is to demystify science by redefining the scientific 
and technological knowledge in terms of major concepts that are accessible to the 
majority of people, concepts that are also the foundations of good science and 
technology. Indeed, curriculum framework in this report assumes that children already 
have begun to formulate conceptual structures that explain the world. The student 
objectives are as follows: 

Experience in the elementary years should develop the students' scientific 
explanations of natural phenomena. 

Experience in the elementary years should develop the students' understanding of 
technological solutions to problems of human adaptation. 

How do science and x)logy work? What constitutes an -advance in science and 
technology? When are explanations and solutions acceptable to the scientific and 
engineering communities? There are habits of mind (Rutherford and Ahlgren, 1%8), 
rules of conduct, and procedural requirements associated with science i^nd technolog)'. 
When scientists propose explanations and engineers propose solutions, their 
communities apply rules and evaluate the explanations and solutions. It is possible to 
examine the development of sr-^nce and technology and their influences on society. 
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This constitutes the nature and history of science and technology, and it leads to the 
panel's recommerdation for a fourth goal, 

IV. 

Science and technology education should develop the child's 
understanding of the nature of science and technology. 

This goal has two parts. First, the students should have some knowledge about the 
enterprises of science and technology.. Second, the students should develop some of the 
habits of mind normally associated with science and technology. Statements of student 
objectives include: 

Experience in the elementary years should enhance the students' understanding uf 
science and technology as major human achievements. 

Experiences in the elementary years should develop the students' abilities tu recognize 
and apply scientific and technological habits of mind. 

At some point, each citizen must understand science and technology in a social context. 
Yet, for the most part, the public has little spft>.ific knowledge of scientific study and 
technological development. "Scientific habits of mind" is a phrase that encompasses 
several characteristics in general and one characteristic in particular: dependence on 
valid evidence as the basis for scientific explanations, and, by extension, technological 
solutions. Dependence on valid evidence points to one critical fallacy in the creationi.sm 
versus evolution debates. The debate is not simply a matter of two conflicting theories, 
since the creationists have presented no empirical evidence tor their position, and it is 
therefore, by definition, not a theory. Students should understand and be able to apply 
such criteria to arguments. 



25 



V. 

Education in science and technology should 
increase the child's understanding of the limits 
and possibilities of science and technology in 
explaining the natural world and solving 
human problems. 

Science and technology affect our system of belicfs-the way we think about ourselves, 
others, and the world around us. Scientific and technological advances are 
accompanied by social, political, and economic changes *hat may be beneficial or 
detrimental to society. The impact of science and technology is never entirely beneficial 
and rarely uniformly detrimental (Bybee. 1986). 

There are two parts to this goal; one is social, and the other personal. Following are 
the statements of student objectives for the goal: 

Students' experiences in the elementary years should bring about greater anvrentss of 
science and technology as they relate to society, 

Students' experiences in the elementary years should mcrease their ubility to use 
scientific and technological knowledge, attitudes, and skills in making responsible 
personal decisions and taking appropriate individual actions. 

The world is infinitely complex. Children have a need to understand and bring order to 
the complexities th^y encounter. Our student goals recognize various dimensions of 
science and technology that bring order to objects and events. One dimension relates 
to enduring questions children ask about nature. "Why is the sky blue?" "Where diu 
we come from?" Such questions direct education toward scientific expkmations. A 
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second dimension relates to abiding quests of humans to adapt to the environment. 
"How can we protect ourselves?" "How can we stay warm?" These are problems that 
lead to technological solutions. 

Education in Science and Technology 

The goals and objectives of our curriculum framework assume that science and 
techpology must be addreosed as separate, yet interrelated areas of study. By their 
nature, science and technology are "central to our welfare as individuals and to the 
welfare of our society" (NSTA, 1982). Therefore, knowledge and skills that help 
learners understand the social usefulness of science and technology will also help 
students take action as citizens (Rutherford and Ahlgren, 1988).. 

The most reasonable and effective understanding of the natural world is a dynamic 
understanding that integrates biological, chemical, physical, and social aspects in each 
explanation and exploration (Linn, 1987). Our recommendation is that the basic 
knowledge, skills, and attitudes that foster such an understanding should be made 
available to, and internalized by, students before completion of their elementary 
education. This opinion is supported by recommendations of such organizations as the 
National Science Teachers Association (NSTA, 1982) and the National Forum for 
School Science (Champagne, 1 986). 

Harold Hodgkinson (1985:1) points out in All One System, ihat science educators must 
■'begin to see the educational system from tlie perspective of the people who move 
through it instead of tho.se who run it, we begin to realize a new obligation at the 
elementary level in science ana technology education." Learning-to-learn skills become 
imperative (Hurd, 1986), as do specific skills in analytical and creative thinking and 
problem solving (Hurd, 1984, Welch, 1982). In the context of a rapidly changing 



society, those responsible for science education must augment what is known about 
learning and design an elementary curriculum that prepares individuals for interaction 
in, and constructive contributions to, that society. Although the panel recognizes the 
enriching opportunities available to individuals who continue their formal education 
beyond sixth grade, the basic concepts, skills, and values proposed in the framework will 
enhance both the life-long learning of terminal students and the learning of those few 
who will eventually become professionals in science and technology. The panel also 
recognizes that "learning occurs as the result of social interactions that take place in 
formal (school) and informal (family, community, church) settings" (Champagne and 
Hornig, 1987:9), Contemporary elementary curriculum and instruction in science and 
technology should develop scientific and technologic explanations, solutions, strategies, 
and attitudes that build self-confidence in life-lcng learners. This includes the insight 
and experience needed fox accessing both formal and informal resources that contribute 
to continued self-growth and development. In addition, learning the social usefulness of 
science and technology concepts and skills at an early age will contribute to both 
individual sensibilities and an inform. J citizenry. 
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SCIENCE AND TECHNOLOGY 
EDUCATION: RECOMMENDATIONS 



There are five primary goals for science education in the early years: 

1. Develop the students' natural curiosity. 

2. Broaden the students' procedural skills for investigating the world, solving 
problems, and making decisions. 

3. Increase the students' knowledge base. 

4. Develop the students' understanding of the nature of science and 
technology. 

5. Ensure the students' understanding of the limits and possibilities of science 
and technology In explaining the natural world and solving human 
problems. 

These goals are justified on several grounds. They are congruent with the students' 
developing understanding of the world. They represent science and technology as 
ways of knowing about, and solving problems of, the world, and they are applicable 
to such other unifying goals of elementary education as developing the basic skills in 
reading, writing, and mathematics. 
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IV. A FRAMEWORK FOR CURRICULUM 



This chapter contains a proposal for a framework for a K-6 curriculum, A curriculum 
framework is an intermediate formulation between the idea for a curriculum and <he 
curriculum itself; the framework specifies and explains the basic components used to 
design the curriculum. A complete framework provides information needed to make 
decisions about activities, lessons, units, and other specifics of the curriculum. At a 
minimum, a framework defines enough of the proposed curriculum to differentiate it 
from other curricula. 

A curriculum framework has advantages and disadvantages. An advantage of the 
framework is that curriculum developers at local, state, and national levels have 
opportunities to provide specific ideas. One assames those decisions would be made in 
terms of the unique characteristics of students, schools, and states, yet still fulfill the 
curriculum developers' requirements. A disadvantage is that it is incomplete. It lacks a 
scope and sequence, the placement of concepts and skills, the selection of topics and 
activities, and the solutions for management, materials, and other practical matters. 

This chapter sets forth a framework for curriculum, design which consists of four 
sections: organizing concepts, organizing attitudes, organizing topics, and themes. 
Curriculum developers should use the framework as a guide for constructing a scope 
and sequence and, subsequently, units, lessons, and other parts of a science and 
technology curriculum at the elementary level. 
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Fundamental Organizing Concepts for Elementary Science 



ELEMENTARY SCIENCE CURRICULUM: STATUS 
Topics, not concepts, are the dominant orientation for science in elementary schools. 
Scientific information, facts, and processes are presented within topics. Science 
programs consisting primarily of textbooks, are organized around such topics as 
plants, animals, rocks, and dinosaurs (Meyer, Crummey, and Greer, 1988; Panel 
review of major programs, 1988). A few state guidelines or textbook series use 
conceptual schemes or process skills as organizers (Powell and Bybee, 1988), 
Laboratory-oriented approaches, as contracted with textbook approaches, have 
shown improvement in studen^b' process skills and scientific attitudes, 
(Shymansky, Kyle, Alport, 1982; Bredderman, 1983). Most elementary teachers, 
however, are not using a laboratory-oriented approach to science education 
(Weiss, 1987; Mullis and Jenkins, 1988), 



A paradox arises when trying to prepare students for the future. Most science 
educators are convinced of two equally valid but contradictory ideas, namely that our 
world is changing at an a^^vlcrating pace, and that there are fundamental, enduring 
concepts for organizing thoughts about the world. 

The trite saying, "the only constant in life is change," is a poor description because 
change itself occurs at increasing rates and in different directions. If this is true, and 
the panel believes it is, then what can materials for elementary .school science include 
that will have lasting value to the students? What knowledge will help them understand 
and adjust to change? Are there explanatory concepts that arc so fundamental and 
powerful that they will always be valid and useful? There are fundamental organizing 
concepts in science that all students, by the time they finish sixth grade, should 
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incorporate into the way they think about and explain their world. These concepts are 
valuable for five reasons. 

They are applicable to both science and technology. 

They have applications beyond science and technology. 

They accommodate different developmental levels. 

They apply to the personal lives of children. 
• They are powerful explanatory concepts. 

We now turn to the nine organizing concepts which the panel believes are central to a 
sound elementary science curriculum. This section defines and describes each 
organizing concept and lists possible teaching examples. These examples do not 
constitute a scope and sequence; rather the panel presents these as examples of 
teaching that make the iiine concepts more understanuable. 
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Organization (or orderliness^ 

Ideas and descriptior.s about the world can be organized in difierent ways, including 
hierarchies, simple-to-complex arrays, and symmetry. Objects in nature or the 
classroom can be assembled into groups showing hierarchies, such as atoms, molecules, 
mineral grains, rocks, strata, hills, mountains, and planets. Some organisms contain 
hierarchies in themselves-the trunk, branches, twigs, stems, and leaves of trees, or the 
transportation or con:munications hierarchies within social systems. 

Varieties of organisms, from single-celled amoeba, to sponges, to conHs, and so on, can 
illustrate simple-to-complex arrays. Technology provides examples of increasingly 
complex objects that serve similar purposes. As an illustration, people slide down hills 
in the winter using sheets of plastic, or they use toboggans, sleds, or aerodynamic 
bobsleds. The objects are increasingly sophisticated, but v\\ are designed to carry 
passengers on a thrilling downhill ride. 

Objects can be described according to common elements of symmetry and polariiy: 
they possess a top and bottom, a front and back; and in many cases, shapes are 
repeated when the objects or organisms are turned or inverted. 



TABLE 1 



TEACHING EXAMPLES 
FOR ORGANIZATION 



PRIMARY (K-3) 



INTERMEDIATE (4-6) 



♦ Sorting objects (e.g., objects 
that sink and objects that 
float) 



Identifying levels of organization, 
such as atoms; molecules; cell-tissue- 
organs; earth-solar system; stars- 
galaxies; and organism, population, 
community, ecosystem 



• Ordering events (e.g.. 



• Describing the component parts of 
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identifying the order of 
planting a seed, sprouting, 
adult plant, flower, and 
fruit) 



natural and technological systems 



Classifying objects and 
organisms 



Identifying groups of similar 
animals (e.g., mammals, 
reptiles, insects) 

Identifying groups of similar 
plants (e.g., beans, grass, 
roses) 

Developing a simple scheme 
fo: classifying objects or 
orga.iisms (e.g. animals 
typically found in certain 
environments) 

Classifying objects and 
organisms from simple to 
complex 

Identifying solids, liquids, 
and gases (e.g. water as ice, 
water, and vapor) 

Identifying groups of objects 
that have been designed or 
constructed by humans 



Specifying the hierarchial relationship 
among parts of natural and 
technological systems 

Describing the constituents of rocks 



Recognizing patterns of leaves 



identifying geometric shapes 



Describing symmetry of objects and 
organisms 



Dismantling and reassembling a 
simple machine 



Recognizing organization within and 
among the atmosp!;cic, hydrosphere, 
lithosphere, and ccLstial sphere 
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Cause and Effect 



Nature behaves predictably. Searching for caus is and explanations is the major activity 
of science; effects cannot happen without causes. A common error arises when 
individuals assume that events that occur simultaneously or sequentially have a cause- 
and-effect relationship. For example, the rotation of the planets and a death in one's 
family, or a pregnant woman's sighting of a rabbit and the birth of a child with a cleft 
lip may happen simultaneously, but there is not a causal interrelationship. Some c\ents 
require that several things must happen to cause an effect. 

Classic activities with seed growing can illustrate cause-and effect-concepts. For beans 
to be healthy, seeds need water, light, and warmth; v;ell-organized experime^ can 
show the effect of varying each of these three parameters. Cub Scouts disc*., •er that 
streamlining, carefulK aligned axle.s, and good lubrication all help to make a pinewood 
dtrhy car run faster. They also discover that, if too lauch wood is carved off the car 
bcdy when attempting to make it streamlined, weight must be added to keep it heavy. 
Optimum performance requires optimum conditions. 
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TABLE 2 



TEACHING EXAMPLES 
FOR CAUSE AND EFFECT 



PRIMARY (K-3) 



INTERMEDIATE (4-6) 



Describing heallh risks (e.g., 
riding a bicycle, crossing 
streets) 

Identifying changes, e.g., 
heating/cooiing, moving/not 
moving 

Describing simple 
technologies (e.g., scis.sors, 
paper clips, pencils) 

Using everyday examples to 
describe cause and effect 
(e.g., lighis, water, 
temperature) 

Predicting a sequence of 
events for natural 
phenomena and 
technological objects 

Describing interactions 
between objects and 
organisms (e.g., eating is 
related to growth and 
development) 



Identifying the effects of poor 
nutrition 



Describing cause and effect in simple 
activities such as growing seeds 



Describing the effects of various 
substruices on objects and organisms 



Designing simple machines that 
achieve a desired effect 



Describing natural phenomena in 
terms of cause and effect (e.g., 
weather, erosion) 



Differentiating between conehtion 
and cause and effect 



• Giving evidence for interactions 
between <ind among simpL .systems 



Systems 



Systems consist of matter, energy, and information, all of which move about from 
reservoir to reser oir through carefully delimited pathways. Both the amount of matter, 
energy, and information in reservoirs, and the rate of transfer through pathways vary 
over time. Systems are understood by tracking changes and drawing boundaries around 
the constituent parts. 

if* 

One of the best-known natural systems is the hydrologic cycle. Water in solid, liquid, 
and gaseous phases moves about the earth's surface, sometimes residing in the 
atmosphere, sometimes in living tissue, and sometimes in streams, lakes, groundwater, 
and oceans. Being able to observe and measure this system helps us understand 
weather, water supply, and pollution. 

In the classroom, an aquarium might serve as a system. To make it a balanced 
aquarium, the plants have to use the fishes' waste products to provide enough oxygen 
and food for the fish to survive. Of course, the plants also depend on a light source 
for photosynthesis. Balancing the aquarium requires some knowledge about the matter 
and energy present and how it follows the pathways from plants to water to animals. 

Most technologies can be seen as systems. A common example is the furnace and 
thermostat. This system is cybernetic; that is, information is related and acted upon' 
within the system in a stabilizing way. A properly tuned heating system keeps room 
temperatures from flutcuating more than a few degrees fiom the set point. 
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TABLE 3 



TEACHING EXAMPLES 
FOR SYSTEMS 



rKlMAK / (iVo ) 


INTERMEDIATE (4-6) 


• Describing whole systems, 


• Taking apart simple machines 


sucn as toys and simple 


machines 




• Exploring a simple natural 


• Describing the school's transportation 


sysieni 


system 




• Differentiating systems and 


technological device 


subsystems 




• Applying the concept of systems to 




different objects, events, and 




organisms (e.g., humans, earth, 




electrical) 




• Describing the characteristics of 




different natural and technological 




systems, (i.e., the boundaries, 




components, feedback, resources) 




• Identifying matter and energy as 




essential to systems 
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Scale 



Scale refers to relative and absolute quantities. Thermometers, rubers, and weighing 
devices help students to see precisely that matter and energy vary in relative quantity. 
Absolute notions of scale are important because certain physical and biological 
phenomena happen only within fixed limits of size. 

For example, in biology, water striders are superbly scaled; they are able to run across 
a puddle, suspended by the surface tension of water. If water striders were much 
larger, they would sink; if they were much smaller and became wet, they would not be 
able to break away from the clinging 'vater. Full-terTi newborn babies are not health) 
if they are very large or very ^mall. There is an ideal size range for healthy babie*^ 

In technology, scale is important to efficient operation. Buses may onlv get five or six 
miles per gallon, but they can carry 40 or 50 passengers, thus making them far more 
fuel efficient than passenger cars. Technological devices must also account for human 
scale. The bus driver's seat must be designed to accommodate tall, medium, and .hurt 
drivers. 



TABLE 4 



TE/ CHING EXAMPLES 
FOR SCALE 



PRIMARY ^^3) 



Drawing simple objects in 
actual size and comparing 
the drawing to scale pictures 

Recogr-'zing the differences 
in children and adults 



INTERMEDIATE (4-6) 



Stating different scales of time, space, 
and matter 



Mapping a small area 



Knowing that some objects, 
such as doll houses and toy 
trucks, are scale models of 
real objects 

Designing a model of a 
simple object or organism 

Defining big/little, near/far, 
short/long 



Describing the magnification on a 
microscope in lerms of scale 



Making a solar system to scale for 
both size of planets and distance 

Estimating the size of an object 



Computing the scale of geologic time 
and astronomic distance 



Designing a machine and then 
building the machine 



Models 



To make sense of the world around thtm, huma.. beings create models or metaphors 
that show the essential character of the phenomena that interest them. Furthermore, 
the models may be conceptual and consist of word descriptions or drawings. The 
modles also can be mathematical aiid consist of equations or other formal 
representations. Finally, there are physical models that consist of real objects that 
possess some of the characteristics of the real thing. 

The solar system is often modeled in the classioom by describing the planets as huge 
balls moving about an even larger sun. Such a model solar system is usually to scale 
for both size of planets and distance between planets. A mathematical mod»'l o." the 
solar system might include the shape of a planet's o.bit as being elliptical. And finally, 
a physical model of the solar system might consist of a series of scale-sized balls placed 
at appropriate distances throughout the room or hallway. 

Models often serve as prototypes in technology and in that case may be full-sized 
representations of the final product. Models usually possess only some of the 
characteristics of the real thing. Children readily understand that most toys are models 
that look like real objects, such as cars, airplanes, babies, and animals, but do not 
possess all the attributes of those objects. 

Models can be used to test the workings of technology without costly investments in 
full-scale objects. Small boats and airplanes are tested in tanks and wind tunnels before 
their full-sized counterparts are built. In this way, many design experiments can be 
tested inexpensively to find the best results. 
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TABLE 5 



TEACHING EXAMPLES 
FOR MODELS 



PRIMARY (K-3) 



INTERMEDIATE (4-6) 



Recognizing numbers as 
representations of objects or 
organisms 



Constructing a simple graph 



Describing the differences 
between a toy car and a 
real car 

Providing a picture of a car 
or person 

Identifying models that are 
bigger than, smaller than, or 
the same size as the real 
object or organism and 
explaining why each is 
useful 



Representing graphically a 
relationship such as color and 
wavelength 

Differentiating between a model and 
reality 

Constructing models of linear and 
exponential growth 



Change 



Change is continuing and ubiquitous in the natural world. Some objects or organisms 
(species) seem unchanging, but that is a function of our inability to perceive the rate or 
scale of change. For example, mountains erode and species evolve, but the time 
required to recognize substantial change is quite long. Changes in the size and 
structure of the universe are ilu large for human beings to observe and to measure 
directly, and mutations in genetic material are hidden unless they affect observable 
characteristics. 

Change in the natural world generally tends toward disorganization unless energy is put 
back into the system. For example, a child's well-organized bedroom will tend toward 
clutter (a mess) unless jnergy is expended to keep the room organized. Similarly, a 
bicycle will tend toward disrepair and wear out unless energy s expended to maintain 
it. Some change is cyclical; that is, the direction of the change is reversed. Diurnal 
cycles, lunar cycles, seasonal cjcles, and menstrual cycles are examples. Some chanL;e is 
one-directional; physical growth and intellectual development, puberty, and menopause, 
for example. The '-a.e of change can vary. For example, although all (normal) sixth 
graders will ultimately progress through the same developmental stages, not all Oi them 
will reach the same developmental landmarks at the same time. 

Technology changes as new problems arise and as new solutions supplant old. 
Historically, many technologies have become more complex and have changed from 
functional adaptation to convenient utilization. 



TABLE 6 



TEACHING EXAMPLES 
FOR CHANGE 



PRIiMARY (K-3) 



INTERMEDIATE (4-6) 



Identifying the different 
seasons by their attributes 

Observing and describing 
immediate changes 



Observing delayed changes 



Observing personal changes 
in a day, week, year 

Identifying different types 
and rates of change 

Describing growth of 
organisms 

Identifying indications of 
seasonal change during a 
nature walk 



Naming the stages of development 



Observing and describing the 
properties of water, as in solid to 
liquid to gas 

Observing and recording the phases 
of the moon 

Identifying the changes in an 
ecosystem 

Investigating different life cycles 



Estimating the rate and direction of 
simple changes in physical systems 

Differentiating between linear and 
exponential growth 



Recognizing the limits of change in 
simple systems 



Structure and function 



The way organisms and objects look, feel, smell, sound, and taste bears a relationship 
to the actions they perform. The structure of leaves, for example, affects their 
functions of energy production und transpiration. Skunks use their scent glands for 
protection. All automobiles have a similar shape because engineers know that this 
shape improves the ability of an automobile to move down the highway efficiently. 
Similarly, round, inflatable tires on a bicycle are conducive to the bicycle s function. 
More specifically, light-weight tires are designed for racing and knobby tires are better 
for all-terrain bikes where traction is important. 

In the biological world, both structure and function are results of cumulative natural 
selection. This is the major mechanism of organic evolution. The relationship is not a 
function of purposeful design, nor does it occur by accident (unless one considers the 
accidental nature of mutation, which is the ultimate source of all variations that may 
have adaptive function). 

The structure/function relationship also appears in artifacts. Archaeologists explain 
artifacts by determining the functions of various shapes and forms found. For example, 
small arrowheads were used for hunting birds, large spear heads were used for larger 
animals. Some stones look and feel like scrapr;s or hammers and most certainly must 
have bee*" used for those purposes. The congruence between structure and function in 
technology is purposeful. Furthermore, the congruence can be refined by 
experimentation. 



TABLE 7 



TEACHING EXAMPLES 
FOR STRUCTURE AND FUNCTION 



PRIMARY (K-3) 


INTERMEDIATE (4-6) 


• Observing the structure of 


• Designing a plant or animal 


an animal and its 




relationship to function 




• Describing the function of a 


• Inventing a simple device for 


simple system (e.g., roof 


measuring wind velocity 


shape for shedding rain and 




snow) 




• Designing a common object,, 


• Interpreting antique objeci^ 


such as a plate, bowl, spoon. 




or fork 




• Examining simple plants and 


• Interpreting animal trach.s 


describing the parts and 




functions 




• Describing a bicycle in 


• Recognizing the rela^'onship of 


terms of structure and 


structure and function in humans, 


function 


buildings, environments 


• Building a structure from 


• Describing the functions of human 


simple materials 


body parts 




• Describing the structure and function 




of tools 




• Recognizing the abiotic and biolic 




structures of an ecosystem 
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Discontinuous and Continuous Properties (Variations) 

All organisms and objects have distinctive properties. Variation ij> a universal 
characteristic of the natural world. Some properties are so distinctive that no 
continuum connects them. Examples of such discontinuous properties are 
living/nonli^'ing and saltiness/sweetness. 

Most properties in the natural world vary continuously; that is, there is no clear 
demarcation that distinguishes the variation in a population or the properties of objects. 
The colors of the spectrum, for example, constitute a continuum. Night and day, 
height, weight, resistance to infection, and intelligence are all continuous properties. 

Discontinuous variation lends itself to classification of objects by type; thi> kind of 
classification emphasizes general properties rather than specific characters. CorMnuous 
variation, on the other hand, makes typological classification difficult, because it 
emphasizes finely graded, individual distinctions, as well as unity of pattern. An 
understanding of continuous variation is the basis of thinking about populations and is 
essential to an understanding of organic evolution and the statistical nature of the 
world. 
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TABLE 8 



TEACHING EXAMPLES 
FOR DISCONTINUOUS AND CONTINUOUS PROPERTIES 

(VARIATIONS) 



PRIMAPY (K'3) 



Observing different tones of 
colors (e.g., variations of 
blue) 



INTERMEDIATE (4-6) 



Investigating the changes and 
continuity in properties in a life cycle 



Listening to different sounds 



Dixferentiating living and 
non-living 



Exploring the properties of 
objects that sink and float 



Recognizing the continuous 
properties of color in a spectrum 

Analyzing a graph of height in class- 
contrast with histogram of boys and 
girls 

Sampling height of individuals over 
time 



Developing a growth chart 
over time 



Differentiating between cay and night 
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Describing the on-off switch as a 
discontinuous variable 



Diversity 

Dive^rsity is perhaps the most obvious characteristic of the natural world. Not only are 
there many different types of objects and organisms but there also is ronsiderable 
variation within those objects and organisms. As scientific understanding of the natural 
world has improved, humans have come to see that maintenance of diversity is 
important to natural systems. For example, trees, rocks, and people ah play important 
parts in the ecological balance of a tropical rain forest. Should one component be 
eliminated, the entire rain foresi is likely to suffer. 

Technology proposes diverse solutions to problems of human adaptation to the 
environment. Snowshoes, cross country skis, and snowmobile, are diverse solutions to 
the problem of moving people across the snow. Such issues as economics, efficiency, 
and esthetics will help determine which solution is best. Diversity also is evident in 
human values and ideas. This diversity influences the problems individuals and societies 
choose to address. 




TABLE 9 



TEACHING EXAMPLES 
FOR DIVERSITY 



PRIMARY (K-3) 



Observing objects and 
developing a simple 
classification scheme 



INTERMEDIATE (4«6) 



Analyzing height and weight 
distribution among class members 



Observing different types of 
objects and organisms 

Identifying the differences in 
pets 

Observing and describing 
the differences among 
studenti 'n class 

Listing the natural objects 
and organisms on the school 
grounds 

Listing the constructed 
objects on the school 
grounds 

Collecting organisms or 
objects 

Observing the differences 
among leaves 



Identifying the range of similar rocks, 
animals, or plants 

Studying a simple ecosystem to 
identify the diversity of organisms 

Describing the components of similar 
j^hysical systems i;uch as airline and 
automobile travel 

Observing the variations within one 
type of leaf 



Developing a life list of birds 



Making a collection of minerals uul 
rocks 



Organizing Attitudes 



Science education in the elementary years should promote attitudiniil development. 
The panel's definition of attitudes includes a disposition to behave in certain ways and 
habits of mind that may result in predictable actions. For school science, there are at 
least two sources and referents for attitudes-science and oneself. That is, science is 
both a source of attitudes and a referent for an individual's attitudes. Individuals can 
have attitudes about both themselves and about science. It is the interplay of these 
different attitudes that must be a concern during the early years of science education. 

The panel began with the assumption that students bring certain attitudes to school, 
and some of those attitudes will need to be modified. Some teachers and parents may 
argue that schools should not impress certain sets of attitudes on learners. Howt-\er, 
there is a justifiable ; sition for science teachtrs in that we are developing attitudes 
inherent in the scientific and technological enterprise. While individuals may 
demonstrate those dispositions, they are grounded in the traditions of the sci'^ntific and 
technologic community. In fact, certain attitudes are in many ways unique to science 
and technology and help differentiate science and tech. jlogy from other important 
realms of human knowing. 

Scientific Attitudes 

Development of scientific attitudes does not occur out of a context. Lessons on "the 
value of speculation" or "the need for accepting ambiguity" are not recommended. 
Ways of looking at things develop over time and in the context of participating in and 
learning about science and technology. The organizing concepts and sample activities 
described earlier provide the basis for the development of scientitic attitudes. 



The study panel reviewed recommendations from the 1966 report Education and the 
Spirit of Science, pubh'shed by the Education Policies Commission of the National 
Education Association. The panel concurred with the )mmendation thai science 
education should promote understanding of scientific attitudes. Some of the most 
important scientific attitudes that one can possess are as follows: 

1. Desiring knowledge. Recognizing that science is a way of knowing and 
having a disposition toward knowing and understanding the world are 
important for elementary science education. 

2. Being Skeptical. A part of this attitude is recognizing the appropriate 
time and place to be scientifically skeptical and to hold a disposition that 
authoritarian statements and self-evident truths can be questioned. 

3. Relying on data. Obtaining and ordering data are the basis for 
explanations of natural phenomena. Relying on data also means rigorous 
testing of ideas and respecting the facts as they are accrued. 

4. Accepting ambiguity. Data are seldom clear and co' ipelling; and 
scientific information seldom, if ever, proves sometning. New questions 
and problems arise out of ambiguity. 

5. Willingness to modify explanations. As data suggest different 
explanations of objects or events, one must be willing to change one's 
original xplanation. 

6. Cooperating in the answering of questions and solvinj^ problems. 
Cooperation is important to the scientific enterprise. 

7. Respecting reason. Scientists value patterns of reasonmg that lead from 
data to conclusions and eventually to constiuction of theories. 

8. Being honest. Data should be presc tea as they are observed, not as th^ 
investigator thinks they ought to be. 
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Attitudes Toward Science 



Two major sets of personal attributes should be among the goals of science in 
elementary school. One set is attitudes toward science, and the other is attitudes 
toward one self and one's abilities. 

Do students like science when they have it in school? Are students interested in 
science? Do they perceive science as useful in their personal life? The study panel 
recommends a curriculum and instructional strategies that develop positive ansv ers to 
these question,^ A sense of awe about the natural world, perpetuation of curiosity, 
creativity, using scientific resources to develop e; plana^ions abu at the natural world— 
these are positive attitudes toward science that the elementary student should develop. 

Self-Esteem and Skill Development 

The panel assumes that positive experiences in science education will aisc 
contribute to the students* self-esteem. Experiences in ^^hool science shc^d help the 
students develop a positive outlook about their integrity, worth, and esteem. 
Laboratory experiences in wh^ch the st idents can achieve a sense of accomplishment 
are especially helpful. We now turn to a further elaboration of those skills that are » 
nece^isary component of the curriculum framework. 

Organizing Skills 

Developing a student's skills is an important part of elementc edjcatijn, and science 
can m.nke contributions to this in several ways. First, science instruction can help 
students develop process skills, such as observing, inferring, and classifying. Second, 
v'hen the students use laboratory eq^wpmeru, such as '^ermonieiers, balances, and 
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microscopes, they develop dexterity and psychomotor skills. Third, science experiences 
can contribute to the development of reading, mathematics, and written and oral 
communication skills. 

Skill development, in particular scientific process and thinking skills, are major goals for 
science educators. In large measure, this goal can be attributed to the Commission on 
Science Education of the American Association for the Advancement of Science 
(AAAS). Theff arc three reasons that the processes shou'd be a significant component 
of any elementary program. Table 10 lists fifteen AAAS process skills. 

First, the pi^/cesses of science contribute to the students' overall development and to 
other basic skills emphasized during the early years of schooling. Second, the process 
skiils have an enduring quality that will contribute to the stud' .its' abilities to answer 
questions and solve problems even when the information base of science and technology 
changes. Third, understanding and using the process 'skills of science contributes to the 
students' basic abilities in other, non-science areas such as language arts, social stuuies. 
and communication. The panel identified three levels of organization tor skill 
development.. Those levels are information gathermg, probl' n solving, and decision 
making. 

Information gathering. One of the first step., in answering scientinc questions or 
solving technolog-jal pro'olems is obtaining information. Inrormation-uatherinu activities 
have traditionally taken pla:e in a laboratory or have been investigations of n;.uural 
phenomena. The use or these types of activities has declined, but it is nevertheless 
recommended that they be used. (Weiss, 1987; Mullis and Jenkins, 1988). 
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TABLE 10 



Process Skills 



1. 


Classifying 


9. Interpreting 
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3. 


Coi trolling vaiiables 


11. Observing 


4. 


Defining operationally 


12. Predicting 


5. 


Designing experiments 


13. Questioning 


6. 


Formulating models 


14. Using numbers 


7. 


Hypothesizing 


15. Using space/time 






relationship 


8. 


Inferring 





A Student should also develop skills for researching, such as the ability to identify 
sources of information and to ure information-retrieval systems. When gathering 
informa:.on, one must read, write, and speak clearly, all of which are communication 
skills. 

Problem solving. The panel uses the, term problem solving to express the processes of 
answering scientific questions and solving technological problems. As with informal* 
gathering, problem solving reqv.ires skills that are common to both science and 
technology. These skills include the ability to state questions, identify problems, 
hypothesize, predict, separate and c^^ntrol variables, infer, des'gn experiments, formulate 
models, and interpret data. New skil.s that are technologically impo'-tant, include the 
ability to identify alternative solutions and assess thv< costs, risks, and benefits of 
technological solutions. 



Decision making. Decision making is not a traditional science skill, but is included in 
the recommendations because decision making is a logical extension of those skills thuc 
have been incorporated into school science prOo-ams. The recent emphasis on critical 
tninkin^; and analytic skills is, in many ways, the basis lOr decision making. Further, 
decision making is integral to solving techr->'ogica. problems. Also, the summary phrase 
of engineering-design under constraint-suggests that effective decision ai..king is the 
''ssence of technological processes. Once the students have identified the problems and 
assessed alternative solutions, they must decide on the best solution and then plan and 
carry out projec that meets the required standards. As students go through this 
proce.ss, they must use tools, behave safely, and evaluate their ootions. 

The skills incorporated within the curriculum framework are generally arranged in a 
hierarchy that complements the development of school-aged children. Tha: is, in the 
lower elementary grades theic is greater emphasis on information gathering and 
descriptive processes, such as ob?^ervation and classification. At the uppe- elementary 
levels there is more emphasis on deductive skills and criMcal thinking. 

Organizing Themes and Topics 

A variety of themes and topics can be part of an elementary science and technology 
c.irriculum. The major organizing concepts, attitudes, and skills presented above should 
be integrated into all themes or topics that school personnel select f,.r study Some 
possible themes and topics include space, structures, tools, ice cubes, .nachincs, 
nutrition, patterns, transportation, food chains, fitness, waste disposal, ecosyst<;ms, the 
Arctic, farms, weather, communities, and pond water. Many of these themes and topics 
were drawn frorr. previously developed programs, while others <-.re drawn from currently 
operating programs. Many more themes and topics are possi'Me. 




The panel suggests at least six criteria for selecting and designing themes and topics: 
They buiM upon children's prior experier.a . and knowledge. 
They capture children's interest. 

They are interdisciplinary, so ihat the children see that reading, writing, 
mathematics, and other curricular areas are part of science and 
technology. 

They should integrate several science disciplines. 

They are vehicles for teaching major organizing concepts, attitudes, and 
skills. 

They allow a balance of science and technologic activities. 

The seeds lesson described at the beginning of this report is one example of a theme or 
topic that mee^s these criteria. In some teachers' classrooms or schools, the seeds unit 
could have been a vehicle for transmitting specific knowledge only. As presented in 
this report, the se^ds unit focused on several major organizing concepts, such as 
structure and function, diversity, and change (cycles). The teacher p^ aned activit:::s 
that encouraged the children to incorporate reading, writing, and mathematics (e.g. 
graphing, ratio sentences) into their study of seeds. Ms. Lopez also planned activities 
that encouraged the children to relate new knowledge to prior knowledge and 
experiences. The children studied the biological and physical sciences. And the 
children demonstrated such attitudes as curiosity and skepticism while they developed 
their thinking, process, and manipulative skilb. 

Developing themes or topics that meet the six criteria is a challenging task. Ont^ ^:ct 
of the challenge focuses on interdisciplinary n ^ure of the themes or topics. Curriculum 
developers ^,an select planning models that range from strictly departmental orientation 
to a fully integrated approach: parallel teaching, clustering of disciplines, 
interdisciplinaiy units and interdisciplinary programs. 
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Li the first approach, parallel teaching, two or mere instructors examine their respective 
scope and sequences to see when sub-topics can overlrp or interrelate. By carefully 
sequencing instruction in each subject, what the students learn in each class becomes 
mutually reinforcing. Tor example, a physical education teacher might plan to foci: on 
respiratory i,Jtness) activities at the same time the classroom teacher focuses or, the 
cardiovascular system. The oniy change in teaching that is required is timing wiiat is 
already taught. 

A second approach consists of clustering similar disciplines so luat teachers can work 
togeth-r from time to time on specific projects. For example, in a setting where each 
teacher at the same grade level may have expertise in some curricular area, the 
teachers might work together on the mathematical, social,and science aspects of the 
topic, ecosystems. 

A third approach is to de, .'gn a complete curriculum unit, such as seeds or weather, 
that includes contributions from several disciplines. Frequently, this approach may 
stimulate new ways of looking at knowledge. 

The fourth approach involves the development of a full scale interdisciplinary prog^ini. 
A'v a given grade level, for example, several disciplines are integrated as the students 
spend one or more hours each day focusing on a central theme, such as the Arctic, for 
the entire year (Holmes, 1988). 

Summary 

This chapt.T presented a four-part framework that curriculi-m developers and school 
personnel can use to develop a scope and sec nee, and urits o.' study for e.ementary 
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school science. The scope and sequence and the units of study should be characterized 
by organizing concepts, attitudes, and skills and by them!:s or topics that meet the 
above stated criteria. IWs framework allows developers and F 'hool personnel t 
include specific knowledge unique to their students, schools, and regions. 

The curriculum framework the pan^l outl'ned in this chaptc provides a general 
orientation of materials for a K-6 technology and science program. Among the most 
important characteristics of the instructional activities within the proposed framework 
are the following: 

«' Each is a hands-on activity, and the students' lives and their world are the 
focus of activities. 

Scientific and technological concepts and skil. are developed within a 

personal and social context. 

Fewer concepts are developed in greater depth. 

The students construct their concepts, attitudes, and skills through a 

variety of experiences. 

The students also learn basic reading, writing, speaking, and mathematical 
skills in scientific and technologic contexts. 

The panel believes that if curriculum developers attend to the four components of the 
curriculum framework and to the five characteristics, then they can develop scope and 
sequences, units of study and individual lessons that represent approaches to science 
and technoloj^ education that are appropriate for the elementary years. 
In the course of this study, the panel did identify some programs that exemplify the 
goals of the framework. Twelve of those examples are included in Appendix A 
(Contemporary NSF Programs for Elementary Schools), and Appendix B (Science 
Education Programs that Work: Exemplary Educational Programs and Practices in the 
National Diffusion Network). Educators interested in other materials, syllabi, pnd 
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programs that in some meai ire exemplify portions of the framework proposed here 
referred to the NSTA pubhcation, Focus on Excellenre: Elementary Science (Penick, 
1983) 2nd state guidelines on curriculum froi.i California, Wisconsin, New York, and 
Florida. 
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A FRAMEWORK FOR CURRICULUM: RECOMMENDATIONS 



Curriculum for science and technology education should be based on major 
organizing concepts. The concepts recommended by this study panel meet the 
following criteria: 

They are applicable to both science and technology. 

• They have applications beyond science and technology. 
They accommodate different developmental levels. 
They apply to the personal lives of children. 

• They are powerful explanatory concepts. 

The major organizing concepts recommended by this panel are 

1. Organization 

2. Cause and effect 

3. Systems 

4. Scale 

5. Models 

6. Change 

1. Structure and function 

8. Discontinuous and continuous properties 

9. Diversity 

School science programs should also encourage the development of attitudes. The 
study panel recommends that K-6 science programs incorporate the following 
scieniific attitudes: 



1. 


Desiring knowledge. 


2. 


Being skeptical. 


3. 


Relying on data. 


4. 


Accepting ambiguity. 


5. 


Willingness to modify explanations. 


6. 


Cooperation in ansv^ering questions and solving problems. 


7. 


Respecting reason. 


8. 


Beinfj honest. 
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Science programs and science teachers also should be sensitive to the development 
of the students' attitudes toward science and toward themselves. 

Science curriculum and instruction should encourage the students to develop their 
skills. The panel has identified three levels of organization for skill development. 

1. Gathering information. 

2. Answering quesuons and solving problems. 

3. Making decisions. 

The panel believes that appropriately designed themes or topics can be effective 
vehicles for integrating the organizing concepts, attitudes, and skills. The panel 
sugges\s at least six criteria for selecting and designing themes and topics: 

They build upon children's prior experiences and knowledge. 

• They capture children's interest. 

They are interdisciplinary, so that the children see thai reading, writing, 
I thematics, and other curricular areas are part of science and 
technology. 

• They should integrate several science disciplines. 

They are vehicles for teaching major organizing concepts, attitudes, and 
skills. 

• They allow a balance of science and technologic activities. 

The use organizing concepts, attitudes, skills, and themes will encourage students 
to see the common ground between the sciences. The} will learn to belter see the 
similarities and differences between science and technt^logy. Finally, they will learn 
to see the relationships between scientific and non-scientific thought., 



V. A FRAMEWORK FOR INSTRUCTION 

The panel believes that science as a way of knowing (Moore, 1984) and techiiok)g> as a 
way of adapting are irpoortant themes for an instructional framework. Although so -nee 
and engineering are separate fields of endeavor with distinctly different approaches, as 
shown in Figure 1, the two are inextricably bound. Only about 30 percent of current 
research can be labeled "pure" science, while over two-thirds of recent Nobel prizes 
have been given for technological, rather than scientitic, advances (Hurd, 1989). We 
belie e that a distinction between science and technology not necessary, especially at 
the elementary level of science education Children should see science and engineerinn 
as ways of asking questions, tinkering, searching for an.swers, confronting problems, 
evaluating possible answers, and sharing di.scoverie.s. The panel believes iha» the 
approach scientists and engineers use to construct new knowledge provides teachers 
with a model of teaching and learning appropriate for implementing the pri)po.scd 
framework for curriculum. The panel believes thai children should become actiiiamted 
with science and technology in ways thai para>!el how .scientists know their world and 
engineers solve iheir problem.s 

The framework for instruction is ba.sed on assumptions about students and learninu. 
These as.<;umptions are drawn from research, and they are strikingK different from the 
views held and promoted bj many teachers. These new assumptions about students 
and learning define roles for teachers of .science that are c|iiite ditfercnt lnuu their lok-s 
in most elementary cla.ssrooms today. In turn, these new roles require Iresh appioaches 
to the development of, and support for, teachers. 

What are the assumptions the panel holds for stu ' Ms and learni-g? What 
implications do the.se a.ssumptions have for tlie role of the teacher? Is there a model 
of teaching that can .serve .science and technology education? V/Hat arc .some 
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appropriate strategies and techniques for teachers and children within that model? 
What support system is necessary for teachers to implement the proposed franv.nvorks 
for curriculum and instr ,tion? This chaptei explores answers to these questions. 

Assumptions About Student Learning 



Assumptions About Students and Learning: Status 

Contemporary curriculum fnuicrials and uiMruciional practices reflect the belief that 
let ng consists of information giving. This information is d';:>penied by the teacher 
or through the t'^xtbook, with the student taking a large!) )assive role (Novak, 
1988). Educators tea:h this information through a pr*^ umnbly logical sequence o/ 
topics. These topics are repeated systematically over the K-6 time period. 
Students spend most of their time listening to lectures ard reading about science. 
They have few opportunities to expk)re natural phenomena directly or to discuss 
the results of their inquiries (Mullis and .lenkins, 1988), 

Current science materials and instructional practices generally as^^ume that there is one 
style of lear.Ang, The ^^ominant teaching model assumes that learning occurs 
through listening and reading. Current curT-iculuni and pedagogy fail to meet the 
learning needs and requirements of a popukition that has diverse learning styles 
and abilities to conceptualize (I iodgkinson, 1985; Weiss, 1987; Mullis and Jenkins, 
1988; Panel review of materials, June, 1988). 
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For more than half a century, the principles of early industriflized society, with its 
factories and assembly lines guided by such values as mass production and cos: 
effectveness, have influenxcd the design and practice of .^iMerican education. Ma"y 
educators see "children as raw naterial to be stamped into shape, an empty urn imo 
which stuff called knowledge is to be poured" (O'Brien, 198«:360). Educators have 
come to believe that improved learning comes about when what is to be learned can be 
spelled out in objectives, which are statements that tell the teacher what to tejxh and 
the students what to learn. In science lassrooms, many teachers attempt to transmit to 
passive students scientific knowledge inat consists largely of definitions, terminolog>, and 
facts. Among these educators there is the assumption that a student's learning develops 
from the sequential acquisition of skills and bits of information (Novak, 1988; Smith, 
1989). It is assumed that the students must learn lower order information and skills 
before they can engage in higher level problem solving. Because classroom time for 
science is limited, few students ever pave the opportunity to solve science problc-ms. 

A second view of learning takes a cognitive perspective and argues that edi.caiors 
should focus on the mental constructs and organizational patterns that students develop 
and which they use to guide their behavior. This emerging srhool of thought-which 
many researchers and educators call cognitive learning theory, or constructivism- 
proposes that students actively learn and constantly construct their world view (Rcsni k, 
1983; Linn, 1986; Novak. 1988; Tobin, 1988). 

This view of learning extends the development; ! pei.spcctive of Piaget by recogn'zing 
that "learners build conceptual frameworks 'hat are complex, highly organized, and 
strongly tied to specific subject matter" (Linn, 19cS6:9) and by recognizing that dialogue 
among children is an impc. tant strategy for encouraging them to constiu,;t new 
conceptual frameworks. Although this view not markedly dilfercnt fioni those 
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espoused years ago by Jean Piaget and John Dewey, there is a growing body of 
research that demonstrates the vah'dity of the constructivist view (Anderson, 19871. This 
research confirms the view that knowledge is stored as a network or cone pts in the 
brain of the learner. Learners, thus, construct knowledge by making connections 
between new information and their existing conceptual network (Peterson, Fenn^tma, 
and Carpenter, 1988). The constructivist view of learning is linked to three related 
ideas: prior knowledge, student learning styles, and concentration ot teaching on depth 
and understanding, rather than on bieadth of coverage and knowledge of vocabulary. 

Prior Knowledge 

Using the constructivist paradigm, researchers have provided n^w insights into the 

important role played by a student's prior knowledge (Linn, 1985; Anderson, 1987). 

Bartlett (in Cb-impagne and Hornig, 1987) and Ausubel (^963) found that meaningful 

learning can occur when teachers present new ideas in familiar contexts. Only when 

the students rannot relate new ideas to already familiar ones will they resort to 

memorization and superficial learning, which is soon forgotten. Furthermore, research 

cited by Champagne and Hornig (1986) and tliat cc:iuucicd by Anderson and coiieagucs 

(Anderson, 1987) demonstrates that students h' ve understandings of science in ways not 

congruent with viewpoints held by scientists. Driver (1983:3) refers to these incong^uen* 

views as alternative frameworks: 

By the time children are taught science in school, their expectations uv belitifs 
about natural phe^:omena may be well developed. . . .They may be poorly 
articulated but they provide a base on which forma! learning can build. . . . 
Such beliefs I shall refer to as "alternative frameworks" (p. 3). 

Research indicates that students can cling to their erroneous viewpoints into adulthood 
(Murnane and Raizen, 1988). Mow can educators help those studen.o develop new, 
more soplMsticated views >f scientific concepts and replace these erroneous viewpoints? 
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It is naive for teacher^ to believe that they can transmit correct viev;, wf •.cientitic 
concepts to their students through the spoken and written word (\o\ak, 1988) Even 
conducting a scienre demonst- tion designed to help the students overcome an ex' um 
concept is probably not sufficient. Champagne and Hornig (. 7) note . at students 
who obsen'ed such demonstiations ported ob^i-vations that were more < losely aligned 
with their existing viewpoints than with what actually happened. Learning that )e;'Js to 
change conception takes time, because a student needs to compare and contrast new 
information (sometimes presented by the teacher while at other times discovered 
through inquiry) with an existing concept. With time and ample experiences the 
student gradually modifies or replaces the pre-existing idf.i with a new, more 
sophisticated concept (Anderson, 1987). Tea.,, .s have a reNponsibility to select 
appropriate, meaningful materials, but it is the student who must bring meaning to 
those materials. 

Depth as Opposed to Breadth 

Research u:i ih :mpor:a.ice of prior knowieuce, along with tiie finuinjj- that devck^oum 
a more sophisticated view of a concept takes tiaie, suggests that students should pu'sue 
a topic or a phenomenon in depth (Murnane and Raizen, 1988). Thus, teachcis should 
not require the children to mechanically lecitc numerous complex scientific concepts, 
nor should the !,achers burden the children with numer ^us deiinitions and 
miscellaneous facf. Rather, a topic, such as seeds- its emphasis on such major 
concepts as diversify, cycle.s, and change-should sp.,n several weeks or longer. The 
leacher should provide many opportunities tor the children to cisk questions, to conduct 
mqu'- es, and to formulaic scientific oncepts from tlicir te^^> and obseiva'iohs on 
seeds. For many teacheis, this long-ra:,uc inproach represents a new view on "depth"; 
the focus is on a deep.r understanding of fewer top' rath.r than superficial coverage 
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of many topics. The decrease in emphasis on facts and definiiions should encourage 
learners to construct meaning, rathei than to simply catalog facts and pieces of 
inforr' \tion. "Less is more" is a guiding principle, for the learning Tiphasis should be 
on qoality rather than quantity, on understanding rather than memorization (^Vrons, 
1983). The emphasis on teaching science in ^pth rather than quickly and topib^lly 
recognizes the complex process of conceptual change, a process that r quires tiiat 
students may either ha/e to relinquish prior knowledge or reorganize it so that their 
world view embodies new ideas. Learning is not simply the accretion of new knowledge 
or the absorption of new facts. Rathei\ it is an active process of construction, "the 
making of connections between new mi ^rmation and the learner's existing network of 
knowit ige" (Peterson, Fennema, and Carpenter, 1988:43). 

Ms. Lopez based her instruction on constnicth vit psycholog}'. She began the seeds unit by asking the 
children to help her make charts; one chart was for questions the children had about seeds, and 
another chart m a*- filled with statements. These charts provided her with infonnotion on her students ' 
prior hiowledge, and she used this information to decu^e on activities appropnate for the unit, for 
example, the seed walk Rather than focusing on miscellaneous facts and terminology. Ms. Lopez 
planned activities that caused the ch 'ddren to think more deeply about structure, function., and di\ ersity 
The unit spanned seveial weeks, which allowed the children to fully explore incir rccunstmctions oj 
several concepts. 

Le arning Styles of Students 

Some students bli^ i oi:t response.^ to quoN ions before the tc 'chtr tmish them. Oiher.^ 
rr.ay reflect on possible answers foi more than several seconds. Some students learn 
effectively from lectures and readmgs, while others benefit ^rom concrete and visaal 
approache:>. All of these behaviors reflect what researcl:ers call learning .styles. The 
concept of learning styles dates at least to Hippocrates, who i^^entified four personality 
types. In recent years, educational r^sear ers have refined our knowledge of learning 
Gtyles-that is, the Wc;y<^ we perceive, inter ict uith, anc' respond to the learning 
environment. Educators nave several models of learning st). . from which to choose, 
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including those of Dunn and Dunn; Gregoric-Butlsr; Hanson, Silver, and Strong: and 
Bernice McCarthy (Kuerbis, 1986). 

Children exhibit a wide variety of styles of learning Some can see the big picture, but 
not the details. Others may have an opposite style of learning: they need to see the 
trees first before they can envision the forest. Some children are sequential in theii 
style, while others are more global. All children '' -play another aspc -t of learning 
style-learning modalities. The teacher can present new science information through 
several modes or modalities: tactical, visual, or auditory. While most science teaching 
uses a verbal mode through lectures and text readings, research suggests tjat "whenever 
students were taught through resources or approaches that complemented their 
modalities, they achieved significantly higher test scores" (Dunn and Dunn, 1987:59). 

Clearly research on learning styles tells educators that children have diverse approaches 
to learning. While tht American educational system has been successful for the tirst 
half of this century, traditional educational practic*;: no longer meet the needs of a 
population that is becoming increasingly diverse. In the past two decades, the country 
^^^„ .iivi^joi- III jtuuciM.-^ diiLt-icu uy u!vuscr:i, u! ugs, uiiu icer.i'ge pregnancies. 
More of our schoi children are now drawn from homes in which English is a second 
language (Hodgkinson, 1985). Research on learning styles begins to "point the way to 
making instruC n more responsive to yourjsters who do not learn and retain 
information in ways that conventional education provides" rOunn and Dunn i%7-55' 

Role of the Teacher 

Elementary teachers have a special role thty should take when implementing a 

cu iculum framework that includes a constructivist model of learning, studying science 

concepts in depth, and an emphasis on learning styles. Cnildren ariive at Jie doors oi 
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ROLE OF THE TEACHER: STAT^^S 

Teachers frequently take a dominant :ule in which they deliver science information 
to children through lectures^ demonstrations, and text readings Typically, ihey 
choose topics with which they feel comfortable, usually in the life sc^^^nces rather 
than the physical sciences. Teachers pay little attention to major organizing 
principles in science when designing a program; they generally do not assess 
students' conceptual understanding, nor do they direct their teaching toward 
studen / levels of understanding (Mullis and Jenkins, 1988; Novak, 1988), 

elementary schools curious about the natural and human made work^s around them. 
From an early age they ask questions that are inherently related to science: Why is the 
sky blue? How big will I be when I grow •^'^? How come rocks sink and sMcks don'i? 
Moreover, the children are unafraid to "mess about'' as tl:ey become familiar with 
science and technology. 

So often, textbooks and lectures suppress a child s natuial curiosity by limiiing the time 
for Science and by restricting the child's exposure to science. Educators iieed to 
nurture the curiosit> that children biing to school. Educators need to begir. with the 
questions children have, and the need to recognize the specific bcIieK> and concepts 
children hole. By helping children question their scitntiLc concepts, teacher:, can help 
children to seek greater depth of conceptual understanding. Thus, the role played by 
the teacher can best be described as one of facilitation. 

Teacher as Facilitator 



Teachers must feel comfortable with .heir rok, not as expert providers ot knowledge, 



but as facilitators of learning. Teachers need to demystify science and chani^e the 
image many children have of the scientist as a man in a white coat who huS all the 
answers. Teachers can help the students feel confident and successful in science by 
relating the science activities to the studen;s' personal lives. 

As facilitators, teachers greatly influence the climate of the classroom. They can model 
the qualities they wish to encourage in their students by showing curiosity, awe, and 
enthusiasm. The teachei also is the strategist who plans and provides materials. The 
lessons must be appropriate for the age and developmental level of the ^tudent^. 
Allotting ample time for science activities also is part cf the instructional strategy. 

Inquiry and discovery methods of teaching science actively involve the teacher and 
children in questioning their ob ervations of the natural and technological worlds. 
Teachers and students should collaborate as co learners. A: the adult, tne teacher is 
coaching the students to probe and question the concept or problem at hand, and to 
generate new questions that lead to further investigation. Questioning skills, including 
ample wait-time, should be consciously developed b> teaci.ers. In choosing mstructiuual 
activities, the teachers must analyze whom they teach and consider their own personal 
teaching style, the students' learning styles and abilities, and the dynamics of small 
groups. 

Do our assumptions about learning and th^ role of the teacher as facilitator require 
that a:^ learning must be through discovery? L^juren Resnick (Brandt, 1988:15), in 
reviewing the new principles of constructivist learning tells us that the aiiswei is but 
that, "it is not enough just to focus on making an excellent presentation...." Children 
simply do not obtain the information the way a teacher says it. Resnick tells of 
Leinhardt's research on expert mathematics teachers who are teaching regrouping ir. 
subtraction. Even with a veiy clear explanation and the use of manipulatives, Leinhardt 



found children who had only a paitial understanding, some who had misunderstandings, 
and soHiC who had constructed new explanations. Resnick concludes that "We hav'e to 
figure out how to teach in ways that do not just *impart' knowledge, but instead help 
students to construct their own interpretations/' (Brandt, 1988:15) In this chapter tie 
panel describes, from a constructivist point of view, the roles of students and teachers 
who actively implement an elementary science curriculum through a variety of 
instructional approaches, and the students' roles. 

Cooperative Learning. Children working collaboratively in small groups is an 
instructional approach that provides children the opportunity to verbalize what they 
know and consider multiple viewpoints. Although constuctivism recognizes the 
importance of each individual's construction of a conceptual view, research points out 
that cor;yeiative learning effectively promotes stude: :irning. Competitive learning, in 
which students compete witn each other for grades, .,nd individualistic learning, in which 
students work independently, are less effective than cooperative learning. When they 
contrast cooperetive learning with both competitive and indi\iuualized instruction, the 
Johnsons (1975:39) concluded that "it is cooperation that is most productive in creating 
fruitful learning climates and in promoting the accomplishment of most cognitive and 
affective outcomes.'' Apparently, as the students construct their concepts, it is 
important that they negotiate new understandings with their peers and the teacher. 
They must test their understandings against the understandings of others. 

Cooperative learnuig is not the same as the small-group learning that many teachers 
use. Rather, members of teams are assigned roles (tor example, principal investigator, 
recorder, i^nd materials manager) and rotate those ro^'^s so that members experience 
the full runge of respor liuies within their group. Teachers should st.ucture the tasks 
so that a spirit of positive interdependence develops. Children in grot " ^eed to feel 
that they are responsible for their own learning, as well as that of their titammates. In 
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addition, cooperative learning requires face-to-face interaction among sf^dents and 
individual accountability for mastering the assi' led materials. Finally, teachers must 
expect to help the students develop the interpersonal and small-group skills required so 
that the can interact successfully in a group. 

Science instruction should employ all three modjs of instruction: competitive, 
individualistic, and cooperative. Teac^ ' can improve the effectiveness of their 
instruction and tne quality of their stuaents' learning if they attend to the appropriate 
uses of each mode. Competitive activities are good for practice, recall, and review in 
situations where students do not perceive that the goal is extremely important. In this 
setting, the students can enjoy the activity regardless of winning or losing. Individual 
activities are appropriate when the student must learn a specific skill or acquire specific 
knowledge. Here, the goal is important to the student, who must take re.;ponsioility for 
evaluating progress toward the poal. Cooperative learning is appropriate for such 
activities as problem-solving, divergent thinking, and inquiry. Here, the goal is 
important for the student and the group. The students need to interact positively, share 
ideas and materials, support one another as they take risks, contribute to the group 
effort, and capitalize on the diversity of views among the members of the group. 

In view of the growing diversity of students, the growing evidence that substantiates the 
importance of constructivist learning, and the value of an approach to the science 
curriculum based on major concepts, the panel believes that teachers should f/equently 
use cooperative learning as a method of instruction in elementary science. 

Ms. Lopez used cooperative learning groups extensively because she nad a diverse 
group of children and wanted them to share their cwrent constmctions of several 
concepts (for example, structure and function, diversity, change). But, she also used 
other modes of instruction to help address the varying learning styles of her students. 
She used large group instruction, for example, to allow the children to compare th^i: 
viewpoints. 
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Problem Solving and Laboratory Activities Problem-solving activities hold promise 
"because learners arc provided experiences which approximate those of scientists 
engaged in constructing knowledge of science" (Tobin, i988:6). Of course, many 
teachers have U5>ed hands-on, process-oriented activ^ities with their students. But such 
activities do not necessarily involve problem solving. When they studied worksheets and 
exams associated with laboratory activuies at the middle school level, Mergendoller and 
colleagues (j988) found that many of the hands-on activities teachers used presented 
the students with few cognitive cnallenges. The activities encouraged students to focus 
on the trivial aspects of the content, instead of concentrating on strategies that would 
encourage the students to reconstruct existing conceptual viewpoints. Problem solving 
only exists when the learner is unclear about what needs to be done to arrive at a 
solution. The teacher can pose tasks, but the learners determine ^f the *asks are 
problems (Tobin, 1988). 

Educators have much to learn about how to structure real laboratory tasks so that the 
tasks become true problem-solving a^ti^ "ties that will engage the students \n actively 
constructing new meaning between prior knowledge and newly acquired information. 
Appropriate problem-solving activities encourage the I -^rners to make the connections 
between n^^w information, which has been uncovered hy solving the problems, and the 
learners' existing network of knowledge. In mathematics, researcii has led to the 
conclusion that "computational skills do not exist as lower order prerequisites for higher 
order mathematical problem solving, but rather a .earned in relation to and as part of 
problem solving" (Peterson, Fennema, and Carpentcs 1988:43). Thus, mathematics 
teachers should use problem solvmg to teach addition a d subtraction, rather than using 
addition and subtraction to teach problem solving. Althoui^h we need to understand 
problem solving in the context ol each subject (Brandt, 1988;, he research on 
elementary mathematics problem solving suggests that new science vocabulary, fac;s, 
and such p ocess skills as observing and inferring, should • ^ laught through problem- 
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solving activities. Ms. Lopez, our ideal second grade teacher, employed just that 
approach. 

In Ms. Lopezes classroom, children began the seeds unit by generating 
statements from their prior knowledge rhout seeds and listing questions they had about 
seeds. Both the seed walk and the planting of their seeds led the childrer> to generate 
problems 'hat they could solve. In the process of acting on self generated problems, 
Ms. Lopez was able to judiciously introduce the children to new infonnation, 
V0':abulary, and interesting facts about seeds, as well as several process skills that 
encouraged the children to link the new knowledge to that which they already 
possessed. 

Tex^Sooks and Lectures. As we noted early in this paper, about two-thirds of primary 
teachers (K-3) and 90 percent of intermediate grade level (4-6) teachers use science 
textbooks. Similarly, lecturing domin?^tes elementary science tcachmg (Weiss, 1987; 
Mullis and Jenkins, 1988). If we should not expect children to discover all learning by 
themselves, then is there a place for tc hooks and lectures within the constructivist 
learning paradigm? 

An important compv)nent of constructivism is the active involvement of the learners who 
construct their own interpretations of knowledge. As Resnick (Brandt, 1988:15) points 
out, "Comprehension takes place when the speakci .ind the listener construct a 
^ommon spacc of representation." A ica^hci can be sure that no child will receive the 
information presented in a lecture precisely as it was transmitted. Most children will 
get some portion of the information, w' '^e a few will receive a garbled message and a 
few will go beyond the information the teacher delivered (Brancit, 1988). 

Textbooks and their printed transmittal of information have produced from students the 
sane learning results as lectures, even though publishers have attempted to present 
scientific information in innovative ways. In an attempt to increase students* 
comprehension of textbooks, publishers have improved the sequential nature of the text 
material, have provided vocabulary lists at the beginning of each section, have 
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emphasised by buld lettering new vocabulary in the text pages, and have provided 
questions at the end of sections. Unfortunately, the students have responded by rotcly 
learning the new inr)rma'ion, by focusing only on the appropriate Keyword i.i a 
question, by searching, Tor the word in the text, and by copying the sentences that 
contain the word. Textbooks, as currently written and as used by most teachers, do not 
encourage the students to interpret the new information in light of their prior 
knowledge, and consequently the students do not iniprove their conceptual 
understandings. 

The structure and format of textbooks must change. In a recent study of elementary 
science textbooks, the authors report that many textbooKs, including the ones most 
commonly found in schools, are characterized by high numbers of content doma'is and 
new vocabulary. For example, this country's most widely adopted program introduces 
third graders to 15 content domains (fcr example, animals, tools, machines) and 243 
new vocabulary words. Furthermore, "the programs with the greatest amount of 
content also had far more teacher-directed activities" (Meyer, Crummey, and Greer, 
1988:460). Although the programs reviewed by these authors displayed great variation 
in the amount of content presented, the panel's own review of textbooks led to the 
conclusion that current textbooks emphasize coverage of material, rather than student 
understanding. The proceedings of a recent national conference on improving 
textbook: '^Educational Development Center, 1987) recommended that a textbook 
program should do three things. 

Get studCiits ready to learn new information. 

Actively engage students in integrating and organizing new infoimation 
and uld information. 

Accommodate the students' diversity and tap iheir strengths and 'nterc.>ls 
when helping them extend new knowledge:. 
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This thrf'e-phasf approach is similar tc the instructional model proposed later in iliis 
chapter. 

Teachers need to use textbooks differently than they do currently. The construciivi.st 
paradigm suggests that students need time and frequent opportunities to read, lo 
discuss new words and ideas with peers (for example, in coopei alive learning groups), 
and to relate that information to what they currently kno'v. For example, as we point 
out )ater in this chapter, the students can profit from rendings after they have initially 
explored a topic. In addition, teachers should use text materials to help students link 
the new information to the students' knowledge. 

How teachers u.se, prepare, and deliver information must also change. For the 
constructivist, "Language is not a means of transporting conceptual structures from 
teacher to student, but rather a means of interacting that allows the teaclier here and 
there to constrain and thus guide the cognitive construction v ' tlie students" (von 
Glaserfeld, in Tobin, 1988:12). Yet, a dear lecture can be the basis for learnip". 
provided that the students have time to reflect on the n^w information and link it to 
their existing Knowledge and to problems they are solving. Mary Budd Rowe's 20 yjars 
or so )f research on wait-fime substantiates the importance of p;;iising about thiee 
seconds after questions and after responses (Rowe, iy«3). 1 his permits the students to 
integrate the new information into their existing knowledge. Tobin (I9H(S) found that 
longer periods of silence effectively improved elenientar)' and middle =' hool students' 
achievement when compared to teachers who used wait times f about one-hall second. 
Rowe (1983) found that learning increased when high school teachers provided about 
two minutes of time every ten minutes for reflection and discu.ssion. Clearly. pr^niJiniz 
the students with ample time to think about and interpret new informa'ion, impioves 
the effectiveness ot ectures. The panel agrees with David Hawkins who siimmari/xs 
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the case for instruction (hrough lectures and textbooks: 

Past experience must indeed be somehow summarized, must ii: .»onit^ way be 
put in soluble capsules; it cannot be relived in its totality. If we had to relive 
all past errors and discoveries, it would be a commitment to absurdity. A 
part-indeed a major part-of the structuring of our minds must come from 
instruction. But this obvious statement leads much too easily to notions thai 
are, I believe, radically false. //?struction by a teacher fails without a 
matching cr^/istruction by the learner, induction without spontaneity, words 
without things. The lecture or the textbook passage that suix-eeds is one that 
meets an apperception well prepared. When we merely surrender to the 
textbooks, we surrender defeat (Haw<i" , 1983:73). 

In this sectk., we have described several instructional activities from the coiistrucliv'*' ♦ 
perspective. The construe ivisl understands the importance of learn'^rs conslructii;g ne\v 
understandings. This n contrast to those educators who believe v .... the transmission 
of scientific facts is of paia )unl importance. These educators di.Ndain cooperative 
learning and problem-solving strategies, for they view these activil'-s as laking an 
inordinate amount of lime. Constructivists, on the other hand, value these approaches 
for they are congruent with Mie research, which demonsliales that >tudents n<^ed lime to 
think, that students heneni from comparing and conliasting points of view, and that 
students must have opportunities to exj)eiience hands-on, mentally engaging ;'LM\ilies. 

Children bring to new experiences thiit teachers have provided a marvelous diversity ol 
understanding. These understandings they have brought from |)revK)us experience; an. 
past assimilation from adult and peer associations. The teachers' role is to he'p the 
children sort and rectify this knowledge, 'l he art of I'. aching, according to Ilavvkiii, 
(1983:74), '1s that ot observing and listening, of searching !or clues, and of then 
providmg that winch may steady and further a budding curic>sity, or failing, may lead to 
further clues." Teaching, then, is as profoundly inductive *is the childicirs own learning, 
and thus implies another role tor the teacher. 
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Teacher as Assessor 



Assessment is an important and integral part of teaching and learning (St. John, 1987). 
It is especially important within the constructivist paradigm, for how are teachers to 
know what questions to ask of students, what new experiences and information to 
provide, and how much time may be required for the children to interpret new 
information and integrate it with prior knowledge? The Center's companion document, 
"Assessment in Elementary School Science Education" (1989), presents an extensive 
discussion of issues in assessment, in assessment of learning, and in assessment of 
program quality. In this section, we described how assessment can serve instruction. 
The panel urges the readers to consult the companion document for a detailed 
discussion of issues surrounding the role of assessment in K-6 scier.ce education. All 
science educators should be concerned about assessment for four reasons. 

1. Assessment can be a very helpful lool for guiding instruction and making it more 
effective. 

2. Assessment can impress on students, school staff, and parents the importance of 
science learning. 

3. Assessment can be used as a policy tool for monitoring the outcomes of science 
instruction and helping improve science programs. 

4. For good or ill, assessment can exert a powerful influence on curriculum and 
instruction. 

As mandates for assessment grow, it becomes imperative to establish correspondence 
between the goals of science education, the curriculum, and the test, and to establish 
other means of assessment that might be used for correlating what children have 
learned and accomph'shed in science. Assessments must support the teaching of 
professionals like Ms. Lopez, not undermine them. 
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laeaUy, teachers like Ms. Lopez use testi: for a variety of reasons, including: (1) finding 
out about the students' prior knowledge so that they can help studerts build upon those 
conceptions; (2) establishing, after a period of instruction, what the students have 
learned so they can shape subsequent teaching; (3) placing the students in productive 
learning groups; (4) motivating the students to attend to assigned materials; (5) 
communicating to the students the teachers' expectations of what they are to learn; and 
(6) documenting what the students have learned in order to inform them, their parents, 
and subsequent teachers of individual and group progress. 

At best, assessment can be a powerful tool for focusing instruction and providing the 
teacher with valuable information on how to increase learning. If assessment is 
thoughtfully incorporated into instruction, it can provide teachers with the feedback they 
need. 

Unfortunately, few teachers use assessment as we have just described. Instead, they use 
written tests at the end of textbook chapters rather than informal assessments. They 
use information gatlicied from these tests to determine grades for students, rather than 
use assessment information to ser\'e instruction. Much of the information teachers need 
to guide their instruction should come not from formal tests, but from informal 
classroom observations. Teachers need to attend systematically to these observations, 
perhaps by jotting down observations on file cards at the end of a day. Teachers 
should scientifically observe the children. By observing children over a period of time 
and by listening carefully to conversations children have with each other and with the 
teacher, the teacher makes informal assessments reliable and valid. 

Formal assessments also need to be reliable and valid, di^couragingly, few tests that 
teachers make are reliable or valid, and the teachers extensively use written tests to 
assess observmg,inferring, and problem-solving skills. Tobin (1988) has noted that 
The desirability of usiiig a range of techniques is based on an assumption 
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that much of the knowledge acquired in a hands-on and minds-on science 
program is tacit and has not been verbalized. Accordingly, although students 
can apply certain knowledge when they do science, they cannot necessarily 
leproduce that knowledge in verbal form on a pencil and paper test or in a 
discussion with the teacher (p.l5). 

Science educators and teachers need to develop valid assessment tools that are 
measures of practical and problem solving skills. Moreover, teachers need tests that de- 
emphasize facts and encourage students to search for connections between their prior 
knowledge and new information. 



As we saw in Ms. Lopez's classroom, assessment serves both a formative and a 
summative process and uses methods that range from the informal \z the formal. 

Ongoing monitoring to find out what students know and the ability to use this 
monitoring as a basis for shaping instruction is woven throughout Ms. Lopez's 
instructional activities about the seeds-at the individual, group and class levels. For 
example, individual students were asked to keep joumals-ongoing records not only of 
student ability to make observations and communicate information, but of growth in 
concepts and understanding about seeds. In addition to each student's wiitten record, 
the "WJiat We Know About Seeds" chart was updated at regular inten^aLs. Thus, after 
each activity, the students were encouraged to add to the chan-not only a variety of 
facts about seeds, but understandings related to the nine organizing principles that 
structure the elementary science curriculum in Ms Lopez's school. For example, even 
initially after brindng in the seeds and surveying the class's collection, the students 
might have noticed that there are many different kinds of seeds (diversity) or that 
sometimes it is hard to tell what is and isn't a seed (organization) or thnt seeds grow 
into plants (change, systems). 

Ms Lopez had many additional opportunities for evaluating growth of 
understanding for individual students or groups of students Each student gave an oral 
presentation about a seed which had been found and examined, and each panicipated 
in a group that was asked to wnie about graplis and shared in whole-class activities 
in which each student questioned or Issued a statement that revealed an indication of 
progress (or lack of progress). Ms.. Lopez was interested in several different types of 
understanding: Did the children develop an understanding of the role of seeds and 
food for animals and himans? More important, did they develop and understanding 
of some of the nine principles that had been illustrated through the study of seeds? 
Were they more adept at using a lens and at measuring length, weight, and volume? 
And did ihey develop some sense of systematic obser\nition, recording, and ancdysLs of 
data as they collected seeds, organized their collection, and germinated the .seeds? As 
Ms. Lopez kept notes on the prog^-ess of individual children and the class as a whole. 
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she developed the source materials that would enable her to make more formal 
assessments to be reported in report cards, to parents, and-for the class as a whole- 
to Mn Sa*idowski the third grade teacher 

A Teaching Model 

The panel suggests that the instructional framework-methods for teaching and learning 
science-should parallel the methods scientists and engineers use to uncover new 
knowledge and solve problems. 

The proposed instructional framework is a template which teachers can use to design 
daily lesson plans and weekly (or longer) unit plans. The panel intends that the 
framework will help ensure that science teaching and learning embodies multiple 
approaches to learning (tantamount to the experiences of active scientists and 
engineers), so that learners are asking questions, experimenting, and communicating 
their new knowledge to colleagues. The students also should have the opportunity and 
responsibility to act on newly reformulated knowledge and to ask new questions. The 
framewoi^ should suggest to teachers and students that science and technology, as fields 
of study and human endeavor, are dynamic. The framework reinforces the generative 
nature of science and technology: questions and problems lead to tentative 
explanations and solutions and in turn generate new questions and problems (refer to 
Figure 1). 

Components of the Teaching Model 

The proposed teaching model is based on four stages characteristic of the approach 
taken by practicing professionals in science and technology when they leain and apply 
new skills and information within their fields (Figure 2). The descriptive labels for each 
s^age are dynamic, as is the proposed cyclic nature of the model. The instructional 
model further clarifies for the instructor the dynamic process that is science and 
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emphasizes that although single lessons or units of study may have a beginning 
(invitation) and an end (taking action), any new skills or knowledge will inevitable lead 
to new invitations and, therefore a continuation of the cycle. 

To help the reader better understand the model, we describe what might occur at each 
of the four designated stages. Figure 3 lists key activities that might characterize each 
of the stages. These stages represent activities that practicing scientists and engineers 
might engage in as they learn: The states, therefore, parallel suggested activities. The 
instructional framework incorporates the instructor as an active participant in the 
learning process and provides a guideline for the teacher's learning as well as the 
students' learning, because most elementary teachers have limited foimal training in 
science. In fact, the panel considers the model to be universal in describing any 
learning in science and technology, including learning by professional scientists, teachers, 
and students. The model is applicable in both classroom and laboratory settings as well 
as in less formal settings, such as the home, a park, museums, nature centers-literally 
any place where an invitation to learning may be recognized and accepted. 

Invitation^ The beginning of any learning process in science and technology is 
characterized by an invitation. In general terms, the invitation originates with a 
question about the natural world (science) or a problem in human adaptation 
(technology). Moi, specifically, an invitation may be quite spcr.ianeous-such as a 
student discovering an empty eggshell in the park-or it may be elicited by a 
demonstration of a discrepant event. In both cases, questions emerge immediately, the 
children and the teachers are observing together, and the stage is set for further 
investigation. It is important to remember that invitations must engage the learnei. 
Therefore the learner must understand the event, question, or problem well enough to 
begin actively thinking about the question or problem. If the question, or problem, is 
not one the students are curious about, or one they initiated, or one they want to 
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Figure 2 
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address or solve, then further engagement will be difficult and likely will not result in 
anything but rote learning (Hawkins, 1983). 

Invitations can be made to the entire class. For example, to encourage the children to 
embark on a study of water organisms and environmental issues, the teacher might 
bring in a sample of pond water and ask the question. What lives in a drop of pond 
water? 

Because recognizing and accepting invitations involve choice, this is a stage in the 
process to which the teacher should return often. Making new choices based on new 
opportunities is something that easily excites K-6 students and will quickly create a 
classroom of eager learners. Figure 3 lists suggested activities that are characteristic of 
this beginning stage of the model. 

Exploration, Discovery, Creativity. This stage of the teaching model builds upon and 
expands the science learning initiated by an investigation. At this point, it is critical 
that children have access to materials and thai they have ample opportunities to 
observe, to collect data, to begin organizing information, and to think of additional 
experiments that they might try. The stage is characterized by a strong element of 
constructive play or informal investigation m which the children try one approach with 
the materials, share their findings with each other, and try another experiment. They 
might use analogies or visual imagery to help them think about the new concepts that 
they are encountering. They begin to explore how nev ijiformation gained from their 
investigations relates to previous experiences and their cuirent level of understanding. 
The teacher is a co-learner and also a facilitator who chooses materials and activities 
thai are likely to lead the children to new discoveries and information. The teacher 
observes with the children and asks questions with them. The stage permits a model of 
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Figure 3 
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many of the responses, such as awe, enthusiasn., curiosity, and the temporary 
suspension of judgement thai are characteristic of scientists. The teacher also can 
informally assess the children's developing understanding of a concept and pose 
questions that motivate the cb'ldren to investigate further and try to link the new 
findings to their current formulations of a concept. Figure 3 usts possible activities for 
this stage of the teaching model. 

Proposing Explanations and Solutions. In this stage, the learners c ontinue to refine 
their developing understanding of a concept. They construct a new view of the concept 
by integrating their current conception with new information, which they have gained 
through their explorations and discoveries. The children then analyze data that they 
began to organize in the preceding stage and consider alternate interpretations 
prepared by classmates and the teacher. New explanations can be developed jointly 
with the teacher and peers by sharing information and actively listening to one 
another's proposed explanations. Cooperative learning is an important part of the 
teaching and learning approach. The students, guidod by the teacher, may decide to 
perform additional investigations, usually more focused than those they conducted 
earlier. The results of these experiments will help resolve conflicts that children have 
between their previous understanding of a concept and a newly emerging view. Each 
learner, with the assistance of the teacher, brings new meaning to a concept. This 
cooperation between students and the teacher is an opportunity for the teacher :o 
model qualities that characterize .scientists: proposing ..nd accepting alternative points of 
view, listening and questioning, persistence in seeking solutions, and working together 
cooperatively. Figure 3 lists activities that are haracteristic of this stage of the teaching 
model. 

Taking Action. Once the students have constructed a new view of a concept, they are 
usually ready to act on that new level of understanding. Figure 3 lists possible ways in 
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which they can take action and demonstrate that they have truly integrated the newly 
discovered information and proposed solution: into their existing framework of 
understanding. They might defend a point of view before the class or write a letter to 
a local authority. Their new level of understanding may, and frequently does, lead to 
new questions that provide the foundation for new explorations and subsequent 
refinement of conceptual understanding. The teacher's role is to encourage the 
students to take action through the teaching examples listed in Figure 3 and to assist 
the students in transferring their new knowledge to other fields of study. The teacher 
also can assess, informally and foim^Jly, each student's new levels of understanding and 
gauge the effectiveness of the science program. This will help the teacher plan future 
activities appropriate to a student. 



In a classroom study on pona water, for example, the students' new underi>tanding of 

diversity and the intricate relationships of a pond ecosystem may lead them to greater 

appreciation for, and understanding of, the factors that affect a pond. The students 

might debate the merits of various methods for maintaining a pond's ecological balance; 

they might write to a local council to argue that sources of pollution should be 

stemmed, or explore how proposed measures of controlling pollution might affect the 

local community beyond the immediate pond that they are studying. 

Ms. Lopez's unit on seeds began with (he children generating both questions and 
statements about seeds. This approach closely resembles the first stage of the 
instructional model-invitation. The seed walk the next day is an example of an 
activity that allows the children to explore and discover-the second stage of the 
teaching model During the next few days, the ch'ddren engage in a number of 
activities, many of which allow the children to explore further. Some activities, 
however, also engage the children in ihe third stage of the model-proposing 
explanations and solutions. Here, Ms. Lopez takes an active role in posing questions 
that cause the children to rethink their current beliefs about seeds ard several of the 
concepts upon which they have been focusing. Toward the end of the unit the children 
are posing questions of their own-setting the stage for additional explorations. 
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Other Models 



The teaching model stated previously guides teachers as they construct their 
instructional programs. The teaciiing model parallels the model of science and 
technology provided in Figure 1, and it is compatible with the concepts of science and 
technology presented earlier in this chapter. As with any model, the panel's teaching 
model fails to capture fully the rich complexity of scientific and technological methods. 
The model's stages are presented sequentially so that the model can be more easily 
interpreted; naturally, the practicing scientist rarely, if ever, follows the model step-by- 
step. In Figure 2, the illustration, with its arrows and possible loops, illustrates the 
complex nature of scientific investigations. In the classroom, after initial engagement, 
the children and the teacher may engage in exploratory investigations, propose tentative 
solutions, and explore concepts several times before coming to the last step, taking 
action. 

The teaching model is compatible with some models of teaching and learning, such as 
those currently under development at the Education Development Center (EDC) and 
the Biological Sciences Curriculum Study (BSCS). The EDC framework for 
instructional strategies has four phases: 

1. Engaging, fhe teacher probes the students' prior knowledge, motivates 

the students, sets goals, and starts experiments. Children ask Why? What 
is it to me? and What are the goals ana expectations? They begin to 
interact with materials. 
1 Exploruig and Discovering. The teacher is a facilitator who observes, 
mediates, and assesses. Students experiment, observe, record and 
interpret data as they soive probleniS. At this stage, students woik in 
cooperative groups and share materials, coach and monitor each other, 
and report findings. 



3. Processing for Meaning. Together, students and teachers question, 
hypothesize, analyze data, build models, clarify concepts, bring closure and 
apply new knowledge in other contexts. 

4. Evaluating. Students apply, integrate, extend, and question their 
knowledge. The teacher evaluates how the students' concepts, process 
skills, and attitudes have changed and judges the program's effectiveness 
in promoting changes in students' concepts. 

The BSCS model of teaching and learning is an outgrowth of the three-phased learning 
cycle proposed by J. Myron Atkin and Robert Karplus (1962) in the early 1960s and 
later used in the Science Curriculum Improvement Study (SCIS). In more recent years, 
science educators Anton Lawson, Michael Abraham, and John Renner (1989) have 
further refined the original Atkin-Karplus learning cycle. In many ways their models 
parallel the Center's teaching model. As currently envisioned, the BSCS model has five 
phases: 

1. Engagement. Activities in this phase mentally engage the student with an 
event or question. Engagement activuies help the students make 
connections with what they know and can do. 

2. Exploration. The students work with each other to explore ideas through 
hands-on activities. Under the guidance of the teacher, they clarify their 
own understanding of major concepts and skills. 

3. Explanation. The students exp' in their understanding of the concepts and 
processes they are learning. The teacher clarifies the students' 
understanding and introduces new concepts and s^'Ps. 

4. Elaboration. Activities in this phase challenge the students to apply what 
they have learned, to build on their understanding of concepts, and to 
extend their knowledge and skills. 
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J. Evaluation. The students assess their knowledge, skills, and abilities. 
These activities also allow teachers to evaluate a student's progress. 

In contrast to these models stands the Instructional Theory Into Practice (ITIP) model 
developed by Madeline Hunter (1983). The panel believes that the III? model 
contradicts what is known about how learners develop new conceptual understand-ngs in 
science. Rather, the ITIP model appears to be more conducive to instruction that 
focuses on giving information to the students and drill-and-practice methods for 
developing the students' skills. Conversely, the proposed teaching model, which is 
based on a constructivist view, is designed to teach the children a knowledge base, 
scientific attitudes, and scientific thinking and problem-solving skills within the context 
of active conceptual development. 

The ability of the panel's proposed teaching model (Figure 2) to incorporate models, 
such as those used by current, major curriculum development efforts in elementary 
science, demonstrates the robustnes.<; of the teaching model, and the power of "science 
as a way of knowing" as a framework for instruction and curriculum. The framework.s 
we have presented in this chapter and the previous one have significant implications for 
teachers. The Center's companion report, 'Teachers and Teaching in Elementary 
Science Education" (Loucks-Horsley, et al., 1989) details the changes in the education 
of beginning and experienced teachers that are necessary if schools are to implement 
the findings and recommendations of this report on curriculum and instruction. We 
turn now to a brief summary of the changes in the development of teachers that are 
necessary to implement the frameworks for cu-riculum and instruction. 
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INSTRUCTIONAL FRAMEWORK: RECOMMENDATION 

A child's prior experience and knowledge of science and technology provide an 
essential foundation upon which teachers can base a science program and 
instructional strategies. At the primary level, teachers should build upon the 
children's natural curiosity about the world and help them develop the organizing 
concepts (e.g., change, systems) of the curriculum framework. At the intermediate 
grades, more attention can be given to activities designed to develop the children's 
growing understanding of concepts of science and technology. Throughout the 
elementary years, schools and teachers must provide settings that ?llow children to 
reconstruct and refine their view of the world through active, reflective approaches 
to science as a way of knowing. 

To "learn science by doing science," Children need experience with a variety of 
strategies and materials, rather than merely reading about science or performing 
experiments that only confirm the information they have read. Moreover, 
instructional variety is important if we are to meet the learning needs of a school 
population that is rapidly becoming diverse in terms of learning style and cultural 
backgrounds- 
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The programs we envision will provide all children with ample opportunities to 
experience the natural wcrld directly and to construct refined concepts of the world 
through discussions with their peers and teachers. 



We recommend that schcDls and teachers frame their instruction around a teaching 
model that reflects how scientists and engineers know their worlds. 



Teaching Model 

Invitation. This sfage initiates the instructional sequence. The object of the 
invitation phase is to engage the learner with a question, problem, or event related 
to the concepts or skills of the learner. 

Explorations, Discoveries, Creations. This stage provides students with experiences 
that will help them to begin answering the questions and solving the problems 
presented the lesson. Most of the activity is limited by ma:erials that the 
teacher provides. 

Proposing Explanations and Solutions. This stage allows the students to express 
their explanations and solutions. It is also a time for the teachers to introduce 
concepts and vocabulary. 

Taking Action. This stage completes the instructional sequences by having the 
students do something with the knowledge and skills they have developed. 
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Development of Teachers 



The task for teachers in implementing the panel's recommendations is immense. How 
can they manage it all? Not surprisingly, there is no simple answer. Successful 
implementation will lequire several significant changes in the preparation of new 
teachers and the continuing development of experienced teachers. In this section, we 
briefly describe some proposed changes. In the chapter that follows, we describe part 
ot a necessary support system: the classroom environment teachers require to 
implement a successful science program. 

Teachers are the primary variable in the educational system. We emphasize that every 
elementary teacher can teach science. It .s time to banish the notion that only science 
specialists are capable of teaching science and that only the best students can 
understand the organizing principles and ujuerlying concepts of science and technology. 
If aU teachers are to incorporate the recommendations on curriculum and instruction 
contained in this report, then major changes in the development of new and 
experienced teachers will be necessary. Although the Center's panel on teachers and 
teaching recommend that there be better continuity between preservice and inservice 
education, they recommend changes across three phases of teacher development: early, 
middle, and later. 

The early phase (preservice) of teacher development should include: 

A major in a discipline (in science, for science specialists). 
Coursework in one or more sciences that allows teachers to experience 
science the way it ought to be taught. 

An introduction to child learning and development that is simultaneously 
experiential and theory-based, and to the contextual factors that influence 
learning and teaching, such as cultural and community differences. 
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A major change in the science courses that prospective elementary teachers take should 

have the following features (Champagne, in preparation): 

They should teach science in the way that it is practiced, that is, pursuing 
real questions about the natural world and incorporating investigative 
methods with knowledge of the important facts and concepts of the 
discipline. 

They should be interdisciplinary in that they relate their particular field to 
related fields (for example, a chemistry course would bring in physics, 
math, biology). 

They should ground the discipline in its philosophical assumptions and 
historical context. 

They should help the students relate the content to societal issues. 
A course that had these features would do the following: 

Spend relatively more time on fewer concepts than traditional courses, 
and, as Arons (1983) says, "back off, slow up, cover less, and give students 
a chance to follow and absorb the development of a small number of 
major scientific ideas at a volume and pace that make their knowledge 
operative rather than declarative (p. 97)." 

Require close collaboration with professors of other disciplines, including 
those outside the natural sciences (e.g., history and philosophy). 
Prepare people with basic facts and principles of the science and some 
thinking skills so that when they want additional information about the 
science, they have the necessary data base and skills to access it. 

The middle phase of teacher dCN'elopment focuses un teaching and includes tiie 

following: 

Development of a repertoire ot teaching strategies that apply knowledge 
of science and of child learning and development. 
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Opportunities to practice these teaching strategies wi^:h guidance and 

feedback in situations that gradually change from ideal, one-child, low 

constraint to real classroom situation. 

Special attention to science teaching and materials. 

Assumption of classroom responsibilities under supervision, also known as 

student teaching or internship. 

Supported induction activities. 

Activities throughout this phase require opportunities for intensive, exemplary 
experiences in classroom settings where theoretical constructions can be integrated into 
the real world. 

The later phase of teacher development calls for flexible, adaptable teacher 
development systems and strategies. Effective staff development for experienced 
teachers has three ingredients: 

Knowledge about science, science learning, and science teaching. 

Strategies to help teachers develop and incorporate that knowledge into 

their teaching. 

Structures that involve teachers in decisions about their learning and 
create an environment in which new knowledge is supported and renewed. 

If educators make the changes outlined above, then teachers can begin to successfully 
implement this report's recommended curriculum and instruction frameworks. These 
changes in the development of teachers, however, must also be matched by changes in 
the educational environment in which teachers work. In the next chapter, we present 
the panel's recommendations for changes in the educational environment. 



ERLC 



98 



VI. EDUCATIONAJ. ENVIRONMENT 



The educational environment has an important impact on elemer'ary school science 
studies. The environment of science education in the classroom, therefore, should be 
dynamic. Unless they pose a safety hazard, equipment should be part of displays that 
pertain to science. Teaching and learning for an inquiry oriented program requires a 
spacious room with seating arrangements conducive to a variety of instructional 
approaches, such as individual work, hands-on laboratories, peer discussion, cooperative 
learning, and large-group presentations. 

We encourage teachers to consider the science classroom as a learning community. 
Here, the students can learn from textbooks, from visiting guests and teachers, from 
evidence the students, have collected while working with science materials and natural 
objects, and from communicating with each other and their teacher (Jones, 1987). 

We usually think of the classroom as the main influence in science education, but 
recent research suggests that out-of-school activities are highly correlated with science 
(Fraser, in Penick, 1982). Experiences outside the classroom are essential to the 
curriculum. By using a variety of media, the children expand th-ir imagination and 
have extended opportunities to apply a concept or skill. 

The panel recommends that teachers use the community as a classroom and laboratory. 
Museums, nature centers, zoos, and wildlife reserves are ideal extensions of the 
classroom. The panel also encouragf.s use of these extensions to make learning 
personally meaningful for the child. To maximize learning situation.s, the teacher should 
give ample preparation for the goals and purposes of these experiences. 
Communication, in the form of discussions, writing, reading, and thinking, will help 
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teachers and students answer the questions: Where are we going? Why are we going 
there? and What will we learn? 

The home is another influential setting in which to learn science. Parental involvement 
and television are methods of promoting science learning. Homework is a valuable 
complement to classroom instruction, particularly if it is checked and discussed within 
the family (Murnane and Raizen, 1988). 

Facilities and Equipment 

To teach science in the elementary school classroom requires good teaching and good 
hands-on materials. A teacher also needs plenty of space, tables or desks with ample 
surface area, running water, and electrical outlets. When these things are not in the 
classroom, elementary teachers need to make the most of the resources that are 
available within the school and community, inc uding the physical plant, surrounding 
grounds, and human services, 

A teacher who uses the proposed frameworks will need to depend on a well-maintained 
facility. The availability and maintenance of equipment, media, and supplies should be 
.Jequate to support the program s requirements (Pratt, 1981). Systems should exist to 
provide materials, collect and replenish materials for the next use, and offer assistance 
in getting unique materials for interested students and teachers (Pratt, 1981), The 
school should have allocations for a reasonable collection of science-related children's 
books in the school library (Huff, et al,, in Penick and Bame, 1988). 

Within each classroom, a setting should be maintained that allows for flexible seating 
arrangements and provision of water, fresh air, and like resources. Within the school, 
there should be space that allows for display of science activities, storage of materials 
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and unfinished projects, and interest centers on science topics under study (Pratt, 1981). 



Outside the school, creative teachers can compensate for the lack of facilities and 
equipment. The concepts of the proposed framework can be applied to any setting; a 
teacher does not need a designated natural area near the school to teach change, 
diversity, or systems. In urban settings, the teacher may emphasize technology over the 
natural world to make the curriculum more relevant to the children's lives. 

Communities have resources, such as people, museums, nature centers, zoos, industries, 
and farms (Penick, 1982). A teacher who uses these resources must make an extra 
effort to make the experience meaningful, but the cooperation from community grt)ups 
is usually easily obtained and the rewards for the children are substantial. 

Instructional Materials 

INSTRUCTIONAL MATERIALS: STATUS 

Science textbook series are the dominant instructional materials in elementary 
schools. Textbooks focus on learning about science rather than encouraging 
active involvement by students. Subjects are fragmented in most textbooks. 
Textbooks emphasize description, explanation, and identification, and generally 
neglect higher order processes, such as interpretation, evaluation, analysis, and 
synthesis (Blosser, 1986; Weiss, 1977; Weiss, 1988; Jacobson. 1986; Boyer, 1988). 



The use of materials in the proposed program will encompass a variety of resources 
usually overlooked in elementary science cla.ssrooms. Tlie orientation of the prt)graiii 
requires materials that are both reusable and consumable. Many of these mateiials wil 
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have multiple uses and benefits across the curriculum, including art, social studies, 
health, and other disciplines. The program will likely require some unique materials. 
Students who are using the program will interact physically with instructional materials 
through handling, cooperating, or practicing; the materials will provide greater realism 
or concreteness (Holdzkom and Lutz, 1984). The program will help the teachers 
integrate manipulative and visual stimuli with printed matter. 

The use of materials will require attention to classroom management, school and 
district-wide inventory, and financial support. The school budget should provide money 
for materials, equipment, and books in sufficient quantities to enable all students to 
have hands-on experience. Teachers should have access to petty cash funds to buy 
consumable materials. Also needed are funds for staff development in science, 
transportation costs for trips into the community, and resources for replacing science 
supplies on a regular basis (Huff, et al., in Penick and Bame, 1988). S^'iools should 
look to science centers and other regional resources to help promote student interaction 
with exhibits and laboratory experiences that cannot be duplicated in the classroom. 

The creative use of both formal and informal instructional resources should be a part of 
this curriculum. Educational TV programs, for example, can be used as topic 
introductions, surveys, or motivating extensions. 
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Instructional Technology 

INSTRUCTIONAL TECHNOLOGY: STATUS 

While sch ools continue to acquire microcomputers and similar technologies, 
research in dicates that teachers make little use of the equipment to enhance 
their instruction. Typically, science students spend fewer than 15 minutes per 
week working with computers. Moreover, research indicates a need to study 
ways to improve education in science through information technologies (Bybee 
and Ellis, 1989; Weiss, 1987; Educational Technology Center, 1988). 



Technology pervades the children's world, and can be used selectively to enhance the 
learning process. There are several functions of technology for instruction in the 
classroom, including the use of computers for organization, presentations, simulation:;, 
and data collection. Computer technology can also help the teacher to simplify grade 
books, to produce posters and banners, to provide access to word processing, and to 
deal with other classroom management problems. 

Schools need to budget for the use of technology in the classroom. Fir.st, training must 
be paid for. Second, someone must keep track of the hardware and software, as well 
as evaluate new products and recommend purchases. Third, the cost of hardware 
repairs and service contracts must be budgeted for. 

Most schools have technologies consisting of chalkboards, overhead projectors, movie 
and slide projectors, and televisions. While taking these technologies into account, the 
proposed framework should accommodate the newer technologies, such a.s computers, 
vidftoA'CR, and camcorders. In addition, the curriculum should be ready to 
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incorporate the newest technologies, such as hyper-card relerence^, microcomputer- 
based laboratories, and interactive video. 

Bybee and Ellis (1989) have outlined recommendations for the anpropriate use of 
information technologies in elementary science programs. Their recommendations are 
divided into two categories— microcomputer courseware and video courseware. 

Microcomputer Courseware 

There are several types of courseware, depending upon its instructional purpo.se. Below 
are descriptions of the major types. 

Inrormation Processing. Here, students use the microcomputer to entc, store, revise, 
and print hard copy of text. Aji information processor should have the ;xtended 
abilities to process and present both tabular, graphics, and audio inform, lion; to insert 
figures, charts, pictuies, graphs, text, and audiu into a ct)mputer program and to accept 
text, data, graphics, and audio from other utilities (for e xample, scanner, ideo disc, and 
microcomputer-based laboratories). The information processor should inLlude the 
functions typically found in spreadsheet, database, statistical analysis, and graphing 
programs. 

Microcomputer-base'^- Laboratory (MBL). With an MBL, students can use the 
microcomputer to gather, store, display, manipulate, and analyze data. MBL si)ftvvare 
and hardware packages will process data collected through probes and sensors. The 
students can measure temperature, sound, light, pressure, distance, resistance, voltjge, 
heart rate, blood pressure, and electro-dermal activity. The microcomputer can store 
and display all data the students gather from the probes and sensors. Data gathered b) 
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the MBL package can control the operation of the sy<.;^m modelers, interactive 
videodisc, and simulation packages described below. 

Telecommunications. This involves trausferring information from one site to another 
using microcomputers linked via cables, telephone lines, satel:lte communication 
systems, or a combination of the three. The telecommunications package should enable 
students to searCii large databases and information networks (for example, 
CompuServe) and to share information about their own investigations (for example, 
KidsNetwork). By participating in the social enterprise of science, students can enhance 
their understanding of the natp.re of science. 

Systems Modeler. A systems modeler should be available to enable students and 
teachers to express their thoughts about how systems work. The use.r can construct a 
structural diagram of the compo nts of a single system md define the 
interrelationships among the con^ -^nts. System modelers can teach cause-and-ctfeot 
relationships a; j the systems approach in modeling such phenomena as a food web, 
population growth, digestion, sexually transmitted diseases, and soil erosion. In so*^^*: 
cases, the systems modelers will present students with a simulation of a system and its 
model. The students can then manipulate the inputs and explore the relationships 
among the components of the system. 

Simulations. Microcomputer courseware should also include simulati(Mis for imitating 
imaginary or real phenomenon. The students will have opportunities to provide inpu', 
perhaps from a list of options, or to manipulate objects that the program graphically 
represents on the screen. The input requested of the student will simulate the activities 
that scientists do and actively involve the students in learning science. 



Tutorials. An intelligent tutor should be a component of the information processors, 
microcomputer-based laboratories, telecommunications package, system modeiers, and 
simulations packages. An effective tutor can engage the student in learning activities by 
asking questions, giving directions, providing clues, and giving feedback. 

Programming and practice reprc^^ent two additional uses of the microcomputer in the 
classroom. Not all school districts will choose to acquaint elementary children with a 
computer language, but when it is offered, LOGO, or a similar language, should be 
used. Drill-and-practice computer programs should be part of an overall instructional 
package. 

Video Courseware 

A technology-oriented classroom can include three types of video presentations- 
sequential, archival, and interactive. Sequential video can present motion segments, still 
frames, and time lapse segments to engage the students and dynamically present new 
information. 

Interactive video gives the students the chance to explore concepts in depth and to 
control the learning experience. The students can use two kinds of interactive video--an 
archive of still and motion frames and an interactive package that uses motion and still 
images. With the archive video, the student is in complete control and can explore the 
collection of images while seeking to understand a topic. With interactive instruction, 
an intelligent tutor will guide the student through a series of interactions with the video 
program. The video segments will be stored on laser-read discs, such as videodiscs and 
compact discs, so that retrieval of information is easy and efficient. A microcomputer 
will control the presentation. 
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Much work has >et to be done on the appropriate use of technologies for instruction, 
but we are already learning much about the promise that information technologies 
show. A long-term study of the use of new technologies to enhance student 
understanding is underway at the Educational Technology Center of the Harvard 
Graduate School of Education. The group's Weight/Density and Heat/Temperature 
projects use a hybrid of direct instruction and episodes of inquir>' to explore the use of 
computer-implemented interactive models that help students achieve conceptual change 
in science. Prelin* lary findings mdicate that the approach helps students advance their 
conceptual model of weight and density. The ETCs Nature of Science Project, which 
uses software that includes multiple visual representations, has been successful in 
increasing ratio and proportional reasoning in upper elementary students who failed 
with more traditional methods (Educational Technology Center, 1988). 

Time 
TIME: STATUS 

Teachers and pwicipals report that there is not enough time to teach science and 
that teachers lack planning time. Inadequate time is a serious obstacle to 
teaching science. K-3 classes devote an average of 19 minutes per day to science 
and grades 4-6 devote 38 minutes per day to science. Of this time, lecture and 
discussion dominate 74 percent of the time in K-3 and 87 percent in 4-6. 
Although teachers and principals believe that "hands-on" approaches promote 
effective science teaching, time devoted to this approach is less than one-third 
(29 percent) in science classes (Weiss, 1978, 1987; Powell and Bybee, 1988; St. 
John, 1987; Johns, 1984; Caw^lti and Adkisson, 1985; Mullis and Jenkins, 1988). 
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In advocating the new framework, we recognize that science learning will occur in many 
different ways-during laboratories, museum vifrs, reading lessons, math lessons, and 
writing lessons. As science slips into different di ciplines, the topics in the program are 
instructionally integrated, and the students will study science and technology for a larger 
percentage of time than in previous programs. 

The move toward the basics in education hurt the study of science in the elementary 
school by lowering it on the priority scale of disciplines. Like math and reading, science 
needs an established place in the curriculum. We recommend integrating disciplines 
and incorporating more science. In this way, more time is devoted to science 
instruction. This approach will also circumvent the traditional problem that science as a 
discipline endures. It is a subject taught at the end of the day, a last priority in a busy 
schedule, and often not taught at all (Murnane and Raizen, 1988). 

We recommend that teachers in the primary grades spend a minimum of 30 minutes 
per day or IVz hours per week on science. In the upper elementar*' grades, teachers 
should spend 60 minutes per day or five hours per week on science, allowing 50 peicent 
of this time for experiential learning in the form of laboratories and activities. It should 
be noted that, in 1982, the NSTA recommended levels half this high (NSTA, 1982) and 
Focus on Excellence currently recommends 100 minutes per week for K-3 and 150 
minutes per week for 4-6 (Huff et al., in Penick and Bame, 1988). Given our 
integrated approach, we recommend an increased time requirement. Much of our 
suggested science time is integrated with other subjects. Activities include reading 
science stories, doing arithmetic related to science, and writing about science. 

Increased time spent teaching science in elementary schools does not, in itself, 
guarantee higher achievement in science, but greater amounts of time spent by students 
on active lean.ing does lead to higher achievement (Staliings, 1975), and class time 
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devoted to active teaching and learning of relevant skills is a powerful factor influencing 
school learning (National Academy of Science, 1985). Like sporting or music skills, 
science skills need practice time* It is unrealistic to imagine that 45 minutes a week 
can make anyone a competent measurer or scientific problem solver (Hein, 1987). In 
addition, learning concepts in depth requires time, so learning opportunities and 
curricula should have extended time for exploration and reflection (Nev/mann, 1988). 

Groups 

GROUP WORK: STATUS 

Students work alone or listen to the teacher about two-thirds of the time. The best 
estimate of group work is based on a review of instructional strategies in 
textbooks. Groups of students are not structured as groups for cooperative 
learning and the mode of interaction does not simulate scientific collaboration 
(Weiss, 1988). 



The proposed program assumes a variety of student grouping arrangements and 
suggests appropriate teaching strategies for those groupings. For example, suggested 
groups might include full-class involvement, small-group cooperative learning, and 
individual projects or independent study. Effective groups are designed to address 
student interest, management of equipment and lab space, abilities, and t' need for 
some random divisions. Grouping should always reflect the best benefit to the learner 
and avoid convenience or restrictive groupings that foster bias by gender, culture, 
ability, or handicap. Constructing effective learning groups holds great promise for 
increasing quality learning time (National Academy of Science, 1985). 
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Classroom Management 

CLASSROOM MANAGEMENT: STATUS 

Management of materials and students continues to be a significant barrier to 
science teaching in elementary schools. Teachers and principals believe that 
active, hands-on instruction is preferred; but, the special materials, equipment, 
and especially management of students and materials, is the cited reason such 
approaches are not extensively used (Weiss, 1987, 1988; St, John, 1987), 



By its nature, the proposed curriculum implies a classroom in which talking, sharing, 
and movement are not only acceptable, but necessary. By using p »ups, the teacher can 
shift from the role of leader to that of expeditor, facilitator, and co-learner. The 
organization of tasks and preparation of materials is increasingly important, because the 
teacher is not controlling each action. The responsibility for care of the classroom 
materials must shift to the students. 

Support from co-workers, principals, and the administration is invaluable to teachers 
who use this framework. School personnel must accept noisier conditions. Aides and 
research specialists can be of tremendous support to classroom teachers, A school-wide 
policy for storage and maintenance of materials will help to alleviate management 
problems. There should be a district science coordinator available when a problem 
arises with a program, its structure, or its materials. 
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THE EDUCATIONAL ENVIRONMENT: RECOMMENDATIONS 



An effective K-6 science program requires a unique educational environment. The 
study panel recognized this and made recommendations for facilities and 
equipment, instructional materials, instructional technology, time, student groups, 
classroom management, and assessment. Some of the specific recommendations 
include the following: 

Facilities should include appropriate flexibility for hands-on activities, 
peer discussion, cooperative learning, and large-group presentations. 
Facilities should include outdoor environments, resource people, 
museums, nature centers, zoos, industries, and businesses. 
Instructional materials should include a variety of resources that support 
instruction which uses a hands-on approach. 

Technology should be a regular part of the curriculum and instruction. 
Computer technology should be used for instructional purposes and for 
classroom management. 

In the primary grades, children should spend a minimum of five hours a 
week on science. 
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• In the upper elementary grades, teachers should spend a minimum of eight 
hours a week on science. Fifty percent of this time should be on hands-on 
activities. 

• Use of computers and cooperative groups will contribute to more efficient 
classroom management. 

• Assessment must be consistent with the goals of the curriculum.. 
Assessment should include an evaluation of high-order attitudes, and thinking 
and problem-solving skills. 
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VII. CONCLUSION 



The panel's vision foi better elementary science presents a challenge that may be 
unparalleled in me history of science education. Never before have we known so much 
about how children learn and, consequently, so much about elementary scien^j 
curriculum. Happily, we have this knowledge at a time when the citizenry of our 
country demand improvements in ; education of our youth. 

A variety of people and groups must work together to meet the challenge. The panel's 
vision needs teachers who can orchestrate cla srooms for success. These teachers, both 
new and experienced, must understand science and technology, see the interrelationship 
between the, two, and know how to teach science through technologies. It is 
insufficient, even harmful, to simply require new and experienced teachers to take 
several college level science courses. While science and technology coursework is 
necessary, the courses must be designed in ways that allow the prospective teachers to 
interact with the materials and their colleagues, in a manner similar to what we have 
proposed for children. Teachers, like children, must actively construct new conceptual 
understandings. 

School leaders, especially principals, can play a key role in implementing the 
recommendations of this report. Principals are more than building managers. They 
serve as instructional leaders who must believe that science and technology are 
important for their students and who can lead teachers towaru the vision the report 
presents. In addition to leading the teachers, a principal must support them as well. 
We cannot expect teachers to implement new elementary science programs without 
encouragement and financial support. Moreover, the principal must be pivotal in 
enlisting the support and understanding of parents. Informed parents can demc:nd that 
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the school district's resources and priorities be aligned in support of the panel's 
recommendations. 

The panel's vision of the future also needs the support of educational, business*, and 
government policymakers. There is no question that the recommendations mean that 
schools will need money for improving science teaching facilities, and for purchasing 
new science curriculum programs and materials. Money must be found to fund 
appropriate electronic technologies that will enhance science teaching and learning. 
Finally, the cost of supporting the preparation and development of the teachers must be 
underwritten. 

The panel is asking for dramatic changes, in what science we teach our children and 
how it is taught. We hope that you share our vision of the future and that you will 
work toward improving elementary science education by implementing the 
recommendations contained in this report. 
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THE LIFE LAB SCIENCE PROGRAM 
Life Lab Science Program, Inc./Addison-Wesley 

This is a broad expansion of a program that has had ten years of successful piloting and 
tryouts throughout the country, particularly in California. It pieviously had National 
Science Foundation and U.S. Department of Education funding. 

This K-6 program functions mostly in a garden. It will expand the proposers' current 
life science prograhi into a comprehensive elementary science program. It offers an 
explicit plan to involve students in a substantial number of good hands-on experiences 
and it offers teachers friendly and manageable materials. The materials for hands-on 
work are not only familiar to most teachers, but in terms of the'r quantities and cost, 
are both affordable and manageable. 

The Life .Lab Science Program integrates conceptual learning and practical applications. 
The applications demonstrate to the students hov/ science relates to their everyday life. 
They learn, for example, how their bodies, like plants, need nutrients, which are 
available from various sources. They learn this through chemical experiments with, and 
data analysis of, nutrients in soil. A variety of learnings are derived from this work, 
including some relating to ecology, ethical issues, and decision making, 

Roberta M. Jaffe and Gary W. Appel, the co-Principal Investigators of Life Lab Science 
Program, Inc. (a non-profit organization), will have the support of their own staff and 
advisors, schools from around the country, and a major educational publisher. Addison- 
Wesley Publishing company will provide strong staff and financial support from 
development through dissemination and teacher training, and assures potential for 
broad use of this program in our schools. 




THE SCIENCE CONNECTION 
Houston Museum of Natural Science/Silver, Burdett and Ginn 



This supplementary program for grades 1-6 is designed to take advantage of an existing 
vehicle, the Silver/Burdett basal science textbooks, which are now m broad use, to 
improve the quality and quantity of science being taught. The materials described 
below will include correlations to those programs. 

A Science Discovery Reader, which is for each grade level, introduces concepts within the 
context of the students' experiences. The readers are fun for children to read. Critical 
^hinking questions throughout these books checks the students' understanding of the 
concepts being taught, and the teacher's editions suggest additional activities and 
references. 

The Science Shoehox Recipe File provides teachers with plans for self-contained, hands- 
on activities. The activities coordinate with the pUn and action of stories in the Science 
Discovery Reader. 

The Science Extension relates the concepts developed in the basal textbook .series and in 
the Science Discovery Reader to other school oiscipiines and to the students' out-ot- 
school environment. 

Anci'lary audio and video tapes are also available. 

Carolyn Sumners and Terry Contant, the Principal Investigators, have the suppv)rt of 
their own institution, the Houston Museum of Natural Science, plus an arri-.y of 
university and school advi.sors and a major educational publisher. Silver Burdett, and 
Ginn publishing company provides financial support and a strong siatt Iron 
development through dissemination and teacher training, and assures potential for 
broad use of this program in our schools. 

U2 



SUPER SCIENCE: A MASS MEDIA PROGRAM 
Scholastics, Inc. 

The Scholastic, Inc. project. Super Science: A Mass Media Program, has launched two 
classroom science magazines, one for grades 1-3, another for grades 4-6, with a 
companion series of computer-disk materials. They stress hands-on and inquiry 
activities that mix science with reading, math and social studies. The science-and- 
technology skills and know-how that students will need as consumers, workers, and 
citizens are important to the development of the project. The magazines have teachers' 
guides and a special periodical for early grade teachers. 

The project's staff used a three-part, team support effort to develop Super Science. 
First, a panel of leaders in science education has served as advisors and consultants. 
They ensure the pedagogical soundness of the program. Second, administrators and 
teachers in nine ethnically diverse districts nationwide have helped formulate the scope 
and sequence plan for the magazines and software and have tested for class practicality. 
Third, The Triangle Coalition for Science and Technology Education will invest inexcess 
of $5.2 million during the four-year development phase and will continue the activities 
in subsequent years. 



FULL OPTION SCIENCE SYSTEM (FOSS) 
Lawrence Hall of Science/Ohaus Scale Corporation 

The Center for Multisensory Learning of the Lawrence Hall of Science, with this Full 
Option 3cience System (FOSS), provides, for grades 3-6 a collection of -.nultisensory, 
laboratory-based science activities. Some of these will be products of new aevelopmcr. 
and some will be from the 1986 FOSS pilot project, which received National Science 
Foundation funding. 

The FOSS project will produce five products that will be developed with the 
cooperation of Ohaus Scale Corporation, who will bring the FOSS project to the 
market after the third project year. The products will include 16 modules of laboratory 
activities; a materials assembly procedure document, which should help teachers gather 
equipment for the activities; a set of correlation tables that will assist with textbooks, 
with other hands-on resources and with the integration of FOSS activities into a 
particular framework; laboratory equipment; and worksheets and instruction sheets. 

Lawrence P. Lowery, the Principal Investigator, will have the support of his Lawrence 
Hall of Science staff, and will work closely with local school districts and with the 
nationally established Ohaus Scale Corporation. 




NATIONAL GEOGRAPHIC KIDS NETWORK PROJECT 
Technical Education Research Centers, Inc. 



The National Geographic Kids Network Project is a series of exciting, tlexible 
elementary science units that feature cooperative experiments in which students in 
grades 4-6 share data nationwide through the use of telecommunications. Topics will 
involve the students in issues of real scientific, social, and geographic significance. The 
\etwork project combines basic content from typical school curricula with guided 
inquiry learning. Kids Network can be used to supplement textbooks and existing 
materials or to form complete, year-long science courses. 

Technical Education Research Centers are producing six units and software for sending, 
processing, and displaying data. The National Geographic Society is helping to develop 
at least four additional units as well as publish all the materials. Materials and 
telecommunications are being designed for practical use. The tclccummiinicatioiis will 
be software controlled for ease of use and reliability. 

The National Geographic Society and a network of professional organizations, state 
education agencies, and museums will widely disseminate information about the 
program. Local support and technical assistance is being generated through industry 
members of the Triangle Coalition for Science cmd Technology Education, school 
boards, and community groups. 



SCIENCE FOR LIFE AND LIVING: 
INTEGRATING SCIENCE, TECHNOLOGY, AND HEALTH 
Biological Sciences Curriculum Study 
Kendall/Hunt Publishing Company 

Science for Life and Living is a comprehensive K-6 curriculum that focuses on science 
as a way of knowing, technology as a way of doing, and health as a way of behaving. 
Such a focus makes the stuc'y of science relevant to the personal and social issues that 
affect everyone's daily life. This program incorporates a contemporary instructional 
model, engaging hands-on activities, cooperative learning, and a strong emphasis on oral 
and written communication. The complete program will be available in November 1990 
from Kendall/Hunt Publishing Company. Science Kit, Inc. will supply the hands-on 
materials for each grade level ot the program. 

This curriculum encourages children and teachers to use a variety of method.s as they 
construct their own understanding of the world. The program concentrates on a tew 
major concepts and skills that are common to th^ three di.stiplines of .science, 
technology, and health. By focusing on depth rather than breadth of knowledge, the 
students are allowed the time and opportunities they need to develop a richer and 
more meaningful interpretation of the world. 

The project will produce a teacher's edition and student'.s text for each grade level, an 
implementation guide, and supplemental materials designed to help bu.sy teachers 
incorporate science s'-idie.*-- into the other basic subjects ot oading, writing, and 
mathematics. Supporttis of the BSCS project include the National Scienc; Foundation, 
IBM Corporation, Gates Foundation of Colorado, and Adolph Coois FouiidatiDn of 
Colorado. 



IMPROVING URBAN ELEMENTARY SCIENCE: 
A COLLABORATIVF APPROACH 

Education Development Center, Inc. 

This project will undertake the design of a program to improve students' abilities to 
think critically, use language, and solve problems. This science program is specifically 
aimed at urban systems, which face unique and complex problems. Cleveland and San 
Francisco a;e collaborating in the development effort. Los An^^les, Pittsburgh, 
Philadelphia, and Boston will provide input and feedback, to ensure that the program 
meets the needs of a number of urban systems operating under a variety of state and 
local mandates. 

The project will involve teacher development teams in the design of 24-36 activity-based 
modules for grades K-6. The project is trying to balance life, physical, and earth 
sciences and tie the experimental base to the urban setting where appropriate. The 
new modules will be informed by teacher's reviews of existing materials; and they will 
integrate science with the rest of the elementary curriculum, particularly language arts 
and mathematics. 

Boston Q)llege Center for the Study of Testing, Evaluation, and Educational Policy is 
serving as the outside evaluator. 
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CONSERVATION FOR CK3LDREN. A practical, economical 
program to increase conservation awareness, understanding, 
and action of elementary school children through a variety of 
basic skill activities. 




Audience Approved by JDRP for children in grades 1-6. 



Description Through a variety of basic skill activities intended for use in the classroom, 
Conservation for Children teaches about the interdependence of plants and animals, requirements of 
life, energy sources and use, pollution problems, recycling, and other conservation concepts based on 
scientific principles. The grade level cons, rvation guides provide instructional materials which 
combine basic skill practice in the areas of language arts, math, social studies and science with a 
conservation concept. Program materials are used to supplement or replace presently used skiii 
materials, so that no additional preparation time or equipmen. is needed. Teachers can use the 
materials as a primary resource for teaching basic skills, as supplementary materials to a core program, 
as enrichment activities, skill review, or as independent units of study. No change in sta'lng, physical 
selling, equipment, or instructional methodology is required. Criterion-referenced tests allow 
teache''s lo deterniine which materials are appropriate for individual students cr groups. Special 
education teachers have found the materials valuable for use with their students due to the high 
interest level of me worksheets and the choice of ability levels and basic skill concepts. 

Evaluation data confirms that students using the materials for a minimum of 30 minutes per wee/c 
master 80% of the learrjing objectives. In addition, 75% of the parents of 3,000 students in the 
evaluation study responded in writing that they had observed their children implementing 
conservation practices at home which they had never seen before the children used the program 
maleritils 

Requirements The program may be used in any type of facility or settn.g and does not lely on 
any particular methodology or leaching style. The prograTi is designed for use in the classroom and does 
not require any matenals or equipment that are not normally found in any school. The curriculum guides 
may be reproduced in whole or in part with the permission of the authors. Inservice training as to im- 
plementation and material usage is minimal, usually two hours. The program requires no staffing changes 
as the classroom teacher continues to provide instruction. 

Consf ation for Children materials include six grade*level curriculum guides and one alj-levels guide 
(activities, resources). After the initial purchase of the guides, $25 per grade level or $165 for the complete 
program, there are no ongoing costs for personnel, matenals, or inservice t.aining. A per pupil cost for 
installation is only $.70. There are no recurring costs. 



Services Awareness materials are available at no cost. Visitors are welcome at the project site any 
time by appointment. Project staff are available to attend out-of-state awareness meetings (costs for travel 
expenses to be negotiated). 



Contact Marilyn Bodounan, Project Director, Coriservatior} for Cbil^rer}, John Muir Elementary 
School, 65S0 Hanover Drive, San Jose, CA 95729. (408) 725^375. 



Developmental Funding ESEA, lilk»IV-C 



HANDS-ON ELEMENTARY SCIENCE. An instructional program intended to provide 
elementary students with hands-on instruction emphasizing the processes of science. 



Auaience Approved by JDRP for students, grades 1 -5. 



Description The Hands-On Elementary Scienc provides elementary students with instruction 
that emphasizes the development of science processes as an approach to problem solving, (n fostering 
positive teacher attitudes toward teaching science, it increased bo^h the amount of science taught and 
the proportion of instruction dedicated to the proc 'sses of science. The curriculum employs a set of 
higher order of processes at each grade level consisting of three basic units. The units consist of lessons 
concerning a unifying topic. The topic is ba^ed upon the skills identified for that grade level. First grade 
students work prima^-ily on observation in the three units of seeds, patterns and ''magnetism. "Second 
grade emphasizes classification skills through the study of insects, sink or float, and measurement, in 
the third grade, experimentation skills are developed by units on flight, measuring and plant^s. Fourth 
grade focuses on analysis in units on bio-communities, electricity and chemistry. The fifth grade 
curriculum emphasizes application and consists of units on earth science, soil analysis and small 
animals. Since this is not a text program, all lessons are based upon hands-on activities su^ orted and 
defined by curriculum guides at each grade level. They provide a sequence of basic lessons and 
incorporate ail necessary materials to support the program lessons. A unique feature of the program is 
an optional package of materials students may request to work on over the summer. 



Requirements The i-iands-On Elementary Science program is transportable to other sites where a 
commitment exists for hands-on science instruction. Adoption of this program requires at least a half 
year planning and preparation followed by a staff development program. Teacher preparation consists 
of two days training prior to the implementation of the program followed by at ie^'st two followup 
workshops to resolve problems of implementation. Materials required include both a curriculum, 
guide and a kit of materials of the appropriate grade level for each teacher and copies of the v^olun^ary 
summer program for dissemination to interested students. 

The cost of the program in the installation year is appr imately $27 per student, assumi.ig 25 students 
per clabS in a school of 800 students and vJth the training involving 20 teachers at a grade level. Subse- 
quent year costs to maintain the program through the replacement of consumable supplies '^qual Sl.50 
per student. Teacher guides are dvaiiable tor $10 each and kits are available from a national vendor at 
costs ranging from $400 to $600 depending upon the grade level. 

Services Awareness materials are available at no cost. Visitors are welcome by appointment at 
project site and additional sites in home state. Project staff are available to attend out-of-state 
awareness meetings (costs to be negotiated). Training is available at project site and also at adopter site 
(c^sts to be negotiated). Implementation and follow-up services are available to adopters (costs to be 
negu^iated). 

Contact Dr. Dean A. Wood, Hands-On Elementary Science, Education Department, Hood College, 
Frederick, Maryland 21701, (301) 663-3131 (ExL 205 or 350K 



Developmental Funding- Federal, State and Local 
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LIFE LAB SCIENCE PROGRAM. An applied science program 
emphasizing a hands-on 'living laboratory'' approach to ele- 
mentary science education. 

Audience Approved by JDRP for elementary students, grades 2-6. 




Description The Life Lab Science program strives to ensure students' future interests and success 
in science by improving student attiiudeb toward the study of science, and increasing students' level of 
knowledge and skill acquisition m science. The instructional approach isa combiriaticn of indoor and 
outdoor hanus-on science activities with the key component being the garden lab (e.g. indoor grow 
box, greenhouse, planter boxes, vegetable beds, etc.). Students and teachers collaborate to tra^^^sform 
their school grounds and/or classrooms into thriving garden laboratories for the study of scientific 
processes. In this setting students conduct experiments using the scientific method. They observe, 
collect and analyze data, establish worm colonies, raise vegetables, herbs and flowers, and have 
responsibility for maintaining their living laboratory. A structured course of study is followed in 
science, nutrition and gardening. Instructional time varies from two to four hours per week. Teachers 
are responsible for all classroom instruction and use The Crowing Classroom, a three volume 
curriculum guide, for the bulk of their science lessons. 



Requirements The critical learner selling is the "living laboratory" vvhether an indoor grow box, 
containers adjacent to the classroom, a greenhouse or a three acre school farm As such, ail elements of 
the program are transportable, the primary curriculum guide is The Gro\^/n^ (Lis^room, which contains 
three volumes— Science, Nutrition and Gardening and is accompanied by a -pe c.nd secjuence outline. 
No textbooks are required, ho.vever, gardening tools are needed Ledrning matenals are predommanlly 
household items Prior to implementation, the nrogram has a two-day workshop at the school site or dl 
project site that prepares teachers for using the program, leaching lochniques and the "living labordlory " 
approach. Following the initial training, staff development and program implementation become tiie 
re*^ponsibilily of a Lead Teacher in each school. Advance training is available for Lead Teachers and 
technical assistance will continue to be provided throughout the mstallatic>n yern. Adopters uf th^^ Life Lab 
Science Program typically generate a great deal of community suppcjrt and resources. Cultivating the 
community is an important requirement of a successful adoption. 

The adopter is responsible for travel and uer diem costs. Trainer fees are (o be negotiatex). 
Implementation cos* . vary by site and the extent of "living laboratory" development A set of The Crowing 
Classroom curriculum must be purchased for ea( h implementing classr(K)m teat her A $40 per set 



Services Awareness materials are avilable at no cost. Visitors are welcome by appointment at 
project site and additional si;es in home state and out-of-state. Project staff are available to attend 
out-of-state awareness meetings (costs to be negotiated). T.Minmg is c onduc teci eitlier at project site or 
adopter site (costs to be negotiated). Follow-up technical assistance is also available. 

Contact Lisa Click ^Gary Appel, life Lab Sdence Program, 809 Bay Avenue, Suite H, CapitoL, CA 
95010, (408) 4/6-7140, Ext 223. 




Developmental Funding ESEA, Title IV-C; Pac kard Foundation, 

Cahfornia Stale Deparln^ent ot Eaucation, National S( kmk e foundalKx^ 



MARINE SCIENCE PROJECT: FOR SEA. Comprehensive, activity- 
oriented marine science curriculum which teaches basic science ^^^>^«i*„. 
skills and knowledge on or away from the coast. 

'V* 

Audience Approved by jDRP for aii students, grades 2, 4, 6. 7-8 and 9-12. 



Description By the year 2000, three out of four Amerk ans will li\ e w ithin an hour 's drive of the sea 
or Great Lakes coasts. The impact on the^e coastal waters will be severe The nationally validated 
curriculum materials of Marine Science Project: FOR SEA are designed to equip students with 
information necessary to protect and maintain the world of water. 

FOR SEA provides comprehensive, activity-oriented, marine education curriculum to be used m 
addition to or in lieu of an existing science progiam. Curriculum guides for each of the grade levels 
contain teacher background for each activity, student activity and text pages, answer keys for student 
activities, a listing of vocabulary words for each unit, and a selected bibliography of children's literature of 
the sea and information books of ihe sea 

The Marine Science Pro|ect: FOR SEA is documented effective m teaching b.\^x science skills and 
knowledge as measured by the CTB Mc Graw-Hill CTBS Sc lenc e Test and h\ pro|c>c t-developed tests. The 
magic draw of water pro^'ides incentive to teach and le«'ri sc lenc e 



Requirements The Marine Science Project. FOR SEA is designed to be implemented m 
classrooms at a room, grade, school, or district-wide le\el. [ight hours of inser\ice trainmg provide 
implementing classroom teachers with an overview of the projec t, text implementation procedures, 
and activities designed to familiarize them with the materials. A copy of 'he appropriate' grade level 
curriculum guide must l)e purchased tor each impf'^menting classroom teacher <)( S>1 per ^Ulde 
Student text materials in the guide are designed Ik^ reproduc ed by the adopting siies. Hands-on 
materials are generally found in the school setting or are readily available <)t local grocery or variety 
stores. The startup c osts vary [)v site 

Services Awareness brochures and samplers of curriculum ore available. Project staff are available 
to attend out-of-state awareness sessions, with neg'^tiable costsharmg Inservice training is provided io aaopter 
site, again with costsharmg negotiable. Followup services are provided by the project in appropriate cost- 
effective ways, including telephone, ma:l cassette tape, and visits. 



Contact Uurie Dumdie, Demonstrator/Trainer, Marine Science Center, 17771 Fjord O^/Ve N.E., 
Pouhbo, WA 98370. (206) 779-5549. 



P**velopment«il Fundin^^ ESFA, Fifle IV C 



STARWALK, A comprehensive earth /space science program for elementary students. 



Audience Approved by JDRP lOr grades 3 & 5. The program has also been used in other grades. 



ERIC 



Description Project STARWALK provides differentiated instruction in earth/space concepts 
which acconnmjdate various developnnerital levels. Students receive a series of lessons structured 
around three visits to a planetariunn to prepare them for thv-.i activities at the planetarium and to 
consolidate and further the learning after the visit. Planetarium handbooks and teaching packets 
provide the instructional materials for these lessons. Classroom teachers participate in the activities 
alongwithlheirstudents.Studer.tsingrade3areintroducedtotheMilky Way and the concept of time. 
Studen'c in grade 5 stu.'y the planets aid the solar system configurations, and seasons around the 
world. Inservice orientation and technical assistance are available as well as a management system for 
scheduling of students, equipment or service purchase, and dissemination and evaluation. 



Requirements The availability of a planetarium model in a laboratory or classroom is a 
component of this program. The program should be implemented on a district-wide basis on the 
elementary level because lessons on each grade 2vel are sequential. A science teacher or other staff 
member can be trained to carry out the program. There is a minimal amount of instructional material 
needed. 

Evaluation kits are $25 each. Two are available, one for third grade and one for fifth grade. They include 
50 student scan sheets, student response summaries tor pre- and posttests, classroom means for pre- and 
posttests, and statistical report of student grov^h for pre- and posttests. Cost of the instructional, manage- 
ment, and training materials packet is $25 per packet. Teacher guides from the packet may be duplicated 
for participating teachers at an adoption site. Per pupil cost per year is dependent upon costs for student 
transportation, planetarium utilization fees, supplies, and indirect costs. 



Services Awareness materials are available at no cost. Developer is available to attend out-of-state 
awareness meetings \costs to be negotiated). Victors are welcome at project site during school year by 
appointment. Training is conducted at adopter or oroject site (training no cost at project site, adopter 
pays own expenses, training no cost at adopter site, adopter pays developer's expense). Training is 
conducted at adooter site during school year by appomtmant. Implementation/followup services are 
available to adopters (costs to be negotiated). 



Contact Mr Bob Riddle, Project STARWALK, Lakeview Museum Planetarium, 7 7?5 W. Lake 
Avenue, Peoria, lllmois 61614. (309) 686-NOVA. 



O _ Developmental Funding. ESEA, Title IV-C, State and Local 

J 



The National Center for Improving Science Education, 

funded by the U.S. Department of Education's Office of 
Educational Research and Imprwement, is a partnership 
of The NETWORK, Inc. and the Biological Sciences 
Curriculum Study (BSCS). Its mission ib to promote 
changes in state and local policies and practicej in science 
curriculum, science teaching, and the assessment of 
student learning in science. To do so, the Center synthesizes 
and translates recent and forthcoming studies and reports 
in order to develop practical resources for policymakers 
and practitioners. Bridging the gap between research, 
practice, and policy, the Center's work promotes 
cooperation and collaboration among organizations, insti- 
tutions, and individuals committed to the improvement 
oT science education. 
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